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ABSTRACT
C o n t r o v e r s i a l  s o l u b i l i t y  d a t a  p u t  f o r w a r d  b y  o t h e r
w o r k e r s  f o r  a q u eo u s  la n th a n u m  f e r r i c y a n i d e  s o l u t i o n s  a r e
s a t i s f a c t o r i l y  e x p l a i n e d ;  s o l u t i o n s  o v e r  a w id e  c o n c e n t r a t i o n
r a n g e  a r e  i n  a p p a r e n t  e q u i l i b r i u m  w i t h  t h e  c r y s t a l l i n e  s a l t ,  and
t h e s e  s o l u t i o n s  a re  t h o u g h t  t o  c o n s t i t u t e  a s i n g l e  p h a se  i n  w h ic h
f l u c t u a t i o n s  o f  s t r u c t u r e  and c o n c e n t r a t i o n  can o c c u r *  I t  i s
p o s s i b l e  t h a t  t h e  s o l u b i l i t y  l i m i t  r e a c h e d  when c r y s t a l s  o f
LaFe(CK)g a r e  d i s s o l v e d  i n  w a t e r  may r e p r e s e n t  t h e  maximum amount
o f  s a l t  t h a t  can be  accom m odated  i n  w a t e r  w i t h o u t  a r a d i c a l  ch an ge
i n  t h e  w a t e r  s t r u c t u r e ;  t h e  h i g h e r  c o n c e n t r a t i o n  o f  t h e  s a l t
t h a t  can be  p r e p a r e d  b y  i n d i r e c t  m e th o d s  w ould  i n v o l v e  a change
i n  t h e  w a t e r —s t r u c t u r e ; t h e  t h e o r e t i c a l  e v i d e n c e  s u g g e s t s  t h a t
t h e  p r im a r y  c a u s e  o f  t h e  u n u s u a l  f e a t u r e s  i s  t h e  r a p i d  i n c r e a s e
i n  i o n i c - s t r e n g t h  w i t h  r i s i n g  c o n c e n t r a t i o n .  A n e g a t i v e
t e m p e r a t u r e  c o e f f i c i e n t  i s  fo u n d  f o r  t h e  s o l u b i l i t y  o f  la n th a n u m
f e r r i c y a n i d e  i n  w a t e r ,  and t h i s  may be c o n n e c t e d  w i t h  t h e
t e n d e n c y  o f  t h e  w a t e r  s t r u c t u r e  c h a r a c t e r i s t i c  o f  d i l u t e  s o l u t i o n s
t o  be  g r a d u a l l y  b r o k e n  up a s  t h e  t e m p e r a t u r e  i s  i n c r e a s e d .
S e v e r a l  m eth o d s  o f  p r e p a r i n g  a c o n c e n t r a t e d  s o l u t i o n
f r e e  from  i m p u r i t y  and s u i t a b l e  f o r  c o n d u c t i v i t y  m e a s u r e m e n t s
have  b een  d i s c u s s e d  i n  d e t a i l .  C o n c e n t r a t e d  H_Fe(CN)^ s o l u t i o n s
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can be p r e p a r e d  by i o n - e x c h a n g e ,  b u t  t h e i r  n e u t r a l i s a t i o n ,  
e i t h e r  by  La(OH)^, o r  by t h e  la n t h a n u m  s a l t  o f  a weak a c i d  r e s i n ,  
i s  n e v e r  q u i t e  c o m p l e t e  and t h e  r e s u l t i n g  s o l u t i o n s  sho-^ a 
h i g h  c o n d u c t i v i t y  due t o  f r e e  a c i d .  A s a t i s f a c t o r y  method i s  
t o  c o n v e r t  t h e  a c i d  t o  i t s  b a r iu m  s a l t  by means o f  Ba(OH^? a n & 
t h e n  t o  form t h e  la n th a n u m  s a l t  by d o u b l e  d e c o m p o s i t i o n  w i t h  
la n th a n u m  s u l p h a t e *  The l a t t e r  s t a g e s  were  c o n t r o l l e d  
c o n d u c t i m e t r i e a l l y .
A new method o f  e s t i m a t i n g  la n th a n u m  by c o n d u c ^ i m e t r i e  
t i t r a t i o n  w i t h  E . D . T . A .  s o l u t i o n  was  d e v e l o p e d  d u r i n g  t h e  
c o u r s e  o f  t h e  w ork .
The p r o p e r t i e s  o f  la n th a n u m  f e r r i c y a n i d e  s o l u t i o n s  
were  s t u d i e d  by  s p e c t r o p h o t o m e t r y ,  c o n d u c t i m e t r y  and o sm o m e tr y .  
The s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  gave  some e v i d e n c e  o f  i o n -  
p a i r  f o r m a t i o n  i n  la n t h a n u m  f e r r i c y a n i d e  s o l u t i o n s ,  and a l s o  i n  
c o n c e n t r a t e d  s o l u t i o n s  o f  la n th a n u m  c h l o r i d e ,  b u t  t h e  p h o t o ­
s e n s i t i v e  n a t u r e  o f  t h e  f e r r i c y a n i d e  s o l u t i o n s  made t h e  t e c h n i q u e  
u n s u i t a b l e  f o r  a d e t a i l e d  s t u d y .
The osm om eter  m e a s u r e m e n t s  e n a b l e d  t h e  i o n i c  a c t i v i t i e s  
o f  la n th a n u m  f e r r i c y a n i d e  s o l u t i o n s  t o  be c a l c u l a t e d ,  and g a v e  
f u r t h e r  e v i d e n c e  t h a t  t h e  d e g r e e  o f  d i s s o c i a t i o n  o f  la n th a n u m  
f e r r i c y a n i d e  p a s s e s  t h r o u g h  a minimum v a l u e .  T h i s  c o n c l u s i o n
i s  s t r o n g l y  s u p p o r t e d  by t h e  e q u i v a l e n t  c o n d u c t a n c e s ,  w h ic h  
p a s s  t h r o u g h  a f l a t  minimum, f o l l o w e d  by  a maximum, a t  m o d era te  
c o n c e n t r a t i o n s ,  and t h u s  show a r e g i o n  i n  w h ic h  t h e  e q u i v a l e n t  
c o n d u c t a n c e  i s  i n c r e a s i n g  w i t h  r i s i n g  c o n c e n t r a t i o n .  T h i s  i s  
t h e  f i r s t  i n s t a n c e  r e p o r t e d  o f  t h i s  b e h a v i o u r  i n  an a q u eo u s  
s a l t  s o l u t i o n .
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G-ENERAL INTRODUCTION
GENERAL INTRODUCTION
1 .  HISTORY:
The p r o p e r t i e s  of* e l e c t r o l y t i c  s o l u t i o n s  have  p r e s e n t e d  
an i n t r i g u i n g  p ro b lem  e v e r  s i n c e  t h e y  were  f i r s t  e x p l o r e d  by  
Faraday  o v e r  a c e n t u r y  a g o .
P r e s e n c e  o f  f r e e  c h a r g e s  w h i c h  a r e  l o c a t e d  on t h e  
atoms o r  g r o u p s  o f  a tom s m aking  up t h e  i o n s  o f  t h e  e l e c t r o l y t e s  
p e r m i t s  h i g h l y  p r e c i s e  i n v e s t i g a t i o n s  o f  e l e c t r o l y t i c  p r o p e r t i e s .  
The f i r s t  c o n f l i c t  b e t w e e n  t h e o r y  and e x p e r i m e n t  a p p e a r e d  when 
K o h l r a u s c h  m ea su red  t h e  c o n d u c t a n c e  o f  a w id e  v a r i e t y  o f  
e l e c t r o l y t e s  i n  a q u eo u s  s o l u t i o n s .  H is  c o n t e m p o r a r y  A r r h e n i u s  
had p r o p o s e d  a w o r k a b le  t h e o r y  o f  e l e c t r o l y t e s .  O s tw a ld  
d e r i v e d  t h e  fa m o u s  O s tw a ld  d i l u t i o n  la w  from  t h e  A r r h e n i u s  
h y p o t h e s i s ,  and was a b l e  t o  show t h a t  t h e  c o n d u c t a n c e  d a t a  f o r  
many s y s t e m s  co n fo rm ed  q u i t e  e x a c t l y  w i t h  t h e  t h e o r y  p u t  f o r w a r d  
by A r r h e n i u s .  On t h e  o t h e r  h a n d ,  K o h l r a u s c h * s  d a t a  f o r  NaCl 
and o t h e r  t y p i c a l  s a l t s  a re  c l e a r l y  n o t  i n  a g r e e m e n t  w i t h  t h e  
A r r h e n i u s  t h e o r y .
A c l e a r  d i s t i n c t i o n  b e tw e e n  s t r o n g  e l e c t r o l y t e s  
and t h e  weak e l e c t r o l y t e s ,  t h a t  c o n fo r m e d  w i t h  t h e  A r r h e n i u s -  
O stw a ld  t r e a t m e n t ,  p r e s e n t e d  d i f f i c u l t i e s ,  h o w e v e r ,  f o r  Kraus
and o t h e r  e a r l y  w o r k e r s  i n  non—a q u e o u s  s o l v e n t s  showed t h a t  
A r r h e n i u s 1 e q u a t i o n i
a 2 C / ( l - a )  = K 
and t h e  O s tw a ld  e q u a t i o n  i n  t h e  form
l / £ \  = 1 /  A o + C / \  /K  / \ o  
c o u l d  he  a p p l i e d  t o  t h e  d a t a  f o r  NaCl and many o t h e r  e l e c t r o l y t e s  
i n  l i q u i d  ammonia, w h ic h  seems to  show t h a t  t h e  s t r o n g  
e l e c t r o l y t e s  can p r o d u ce  some s t r u c t u r e  i n  s o l u t i o n  w h ic h  i s  
n o n - c o n d u c t i n g .  The c o n d u c t a n c e  c u r v e  o f  NaCl i n  l i q u i d  
ammonia s t r o n g l y  r e s e m b l e d  t h e  c o n d u c t a n c e  c u r v e  o f  a c e t i c  a c i d  
i n  w a t e r ,
X—r a y  a n a l y s i s  showed t h e r e  were  no n e u t r a l  m o l e c u l e s  i n
NaCl,  A c r y s t a l  o f  sodium c h l o r i d e  i s  made up o f  Na+  ^ i o n s  
- 1and Cl i o n s  a r r a n g e d  i n  a r e g u l a r  p e r i o d i c  c r y s t a l l i n e  l a t t i c e .  
C l a s s i f i c a t i o n  o f  c h e m i c a l  compounds, b a s e d  on 
c h e m i c a l  s t r u c t u r e  o f  t h e  s o l u t e  i n d e p e n d e n t  o f  t h e  b e h a v i o u r  
o f  t h a t  p a r t i c u l a r  s o l u t e  i n  any g i v e n  s o l v e n t ,  h a s  o b v i o u s  
a d v a n t a g e s  o v e r  a d e f i n i t i o n ,  b a s e d  on t h e  b e h a v i o u r  o f  t h e  
s u b s t a n c e s  i n  an a r b i t r a r i l y  c h o s e n  s o l v e n t ,  such a s  w a t e r .  
A c c o r d i n g  t o  t h i s  c l a s s i f i c a t i o n  t h e r e  a r e  two c l a s s e s : -
(A) I o n o p h o r e s , t h o s e  s u b s t a n c e s  l i k e  NaCl w h ic h  e x i s t  
o n l y  a s  l a t t i c e s  o f  i o n s  i n  th e  pure c r y s t a l l i n e  f o r m .
(B)  I o n o g e n s , t h o s e  s u b s t a n c e s  l i k e  a c e t i c  a c i d  w h ic h  
i n  c e r t a i n  s o l v e n t s  can g i v e  c o n d u c t i n g  s o l u t i o n s ;  
a l t h o u g h  t h e  p ure  s u b s t a n c e s  are  non —e l e c t r o l y t i c  n e u t r a l  
m o l e c u l e s .
In  1 9 2 3 ,  Debye and H u c k e l  u s e d  P o i s s o n ! s e q u a t i o n  
t o  r e l a t e  the  e l e c t r o s t a t i c  p o t e n t i a l  around t h e  r e f e r e n c e  i o n  
t o  t h e  c h a r g e  d e n s i t y  and d i e l e c t r i c  c o n s t a n t  o f  t h e  s u r r o u n d i n g  
medium. Then ,  by u s i n g  t h e  B o l tz m a n n  d i s t r i b u t i o n  t o  d e s c r i b e  
l o c a l  c o n c e n t r a t i o n ,  he was a b l e  t o  r e p l a c e  t h e  d e n s i t y  i n  t h e  
P o i s s o n * s  e q u a t i o n  by  t h e  S t o i c h i o m e t r i c  c o n c e n t r a t i o n  and t h e  
c h a r g e s  and p o t e n t i a l s  o f  th e  i o n s ,  and showed t h a t  a c t i v i t y  
c o e f f i c i e n t s  o f  d i l u t e  s o l u t i o n s  o f  c o m p l e t e l y  d i s s o c i a t e d  
e l e c t r o l y t e s  a re  l i n e a r  f u n c t i o n s  o f  t h e  s q u a r e  r o o t  o f  i o n i c  
s t r e n g t h ,  and a p p l i e d  t h i s  t o  t h e  i r r e v e r s i b l e  p r o c e s s  o f  
c o n d u c t a n c e .  Debye and f fu ck e l  o b t a i n e d  a good f i r s t  a p p r o x i m a t i o n  
t o  t h e  s o l u t i o n  o f  t h e  c o n d u c t a n c e  p r o b le m  and showed t h a t  t h e  
e q u i v a l e n t  c o n d u c t a n c e ,  a t  lo w  c o n c e n t r a t i o n ,  s h o u l d  be a l i n e a r  
f u n c t i o n  o f  t h e  sq uare  r o o t  o f  c o n c e n t r a t i o n .
A f u r t h e r  s t e p  i n  e l e c t r o s t a t i c  t h e o r y  o f  e l e c t r o l y t e s  
was t a k e n  b y  On-sager i n  w h ic h  he a c c o u n t e d  f o r  t h e  so f a r  
n e g l e c t e d  t h e r m a l  m o t i o n  o f  t h e  r e f e r e n c e  i o n ,  and S t o k e s  r a d i u s  
o f  t h e  m oving  i o n  i n  c a l c u l a t i n g  t h e  e l e c t r o p h o r e t i c  e f f e c t .
O n s a g e r * s  e q u a t i o n  s u c c e s s f u l l y  a c c o u n t e d  f o r  t h e  l i m i t i n g  
b e h a v i o u r  o f  s o l u t i o n s  o f  i o n o p h o r e s  i n  s o l v e n t s  o f  h i g h  
d i e l e c t r i c  c o n s t a n t s .
Io n  p a i r  f o r m a t i o n  h y p o t h e s i s  was f i r s t  p u t  f o r w a r d  
by Bjerrum t o  a c c o u n t  f o r  d e v i a t i o n s  shown by some s t r o n g  
e l e c t r o l y t e s  from t h e  l i m i t i n g  a c t i v i t y  l a w s  o f  Debye and i f u c k e l  
and by  O n s a g e r ,  t o  e x p l a i n  s i m i l a r  d e v i a t i o n s  shown,  e . g * ,  "by 
KNO^, from h i s  c o n d u c t a n c e  e q u a t i o n .  In  t h e  y e a r s  t h a t  
f o l l o w e d ,  D a v i e s  showed t h a t  d e v i a t i o n s  o f  t h i s  s o r t  w ere  
w i d e s p r e a d  am ongst  ,f s t r o n g ” e l e c t r o l y t e s  in  w a t e r  and o b t a i n e d  
d i s s o c i a t i o n  c o n s t a n t s  f o r  t h e s e  by  a v a r i e t y  o f  m e t h o d s .
2 .  PREVIOUS WORKS ON LANTHANUM FERRICYANIDE
The c o n d u c t i v i t y  method o f  s t u d y i n g  i o n - p a i r i n g  i s
w e l l  i l l u s t r a t e d  by t h e  p r e v i o u s  s t u d y  o f  la n t h a n u m  f e r r i c y a n i d e
1by D a v i e s  and James % t h e y  m e a su r ed  c o n d u c t i v i t y  o f  la n t h a n u m  
f e r r i c y a n i d e  i n  w a t e r  a t  18 ;  25 ;  and 3 0 ° C .  In  d i l u t e  s o l u t i o n s  
t h e  s a l t  showed t h e  b e h a v i o u r  o f  a c o m p a r a t i v e l y  weak e l e o t r o l y t  
A c o n s t a n t  K = 1 . 8 2 x 1 0  ^ (K = D i s s o c i a t i o n  c o n s t a n t )  a t  25°C  
was fo u n d  f o r  a l l  t h e  m e a s u r e m e n t s  a t  i o n i c  s t r e n g t h  l o w e r  th a n  
0 . 0 0 2 .  The c o n d u c t i v i t y  c u r v e  shows t h a t  t h e  e x p e r i m e n t a l  
c o n d u c t i v i t y  can o n l y  be  r e c o n c i l e d  w i t h  t h e  l i m i t i n g  v a l u e  and
w i t h  t h e  t h e o r e t i c a l  l i m i t i n g  s l o p e  by a t t r i b u t i n g  t o  t h e  s a l t ,  
a c o n d u c t i v i t y  c u r v e  of* t h e  t y p e  c h a r a c t e r i s t i c  of* weak  
e l e c t r o l y t e .
The c u r v e  had much g r e a t e r  s l o p e  t h a n  O n s a g e r * s  s l o p e ,  
t h e  l i n e  o f  w h ich  was c o n s t r u c t e d  by  t h e  O n s a g e r f s e q u a t i o n  
d e r i v e d  f o r  c o m p l e t e l y  d i s s o c i a t e d  s a l t ,  When p h y s i c a l  
c o n s t a n t s  g i v e n  by  B i r g e  w ere  u s e d  t h e  above  e q u a t i o n  t o o k  
t h e  form
/ \  = 170 .3  -  9 1 8 .3 c 1/ 2
T h i s  d e v i a t i o n  was t h o u g h t  t o  be due t o  t h e  n o n c o n d u c t i n g
i o n —p a i r s  i n  t h e  s a l t  s o l u t i o n .  The l o g a r i t h m  o f  t h e  a p p a r e n t
d i s s o c i a t i o n  c o n s t a n t  
1 2K = a C / 3 ( l - a )  was  c a l c u l a t e d ,  u s i n g  a v a l u e s  
o b t a i n e d  by  th e  e q u a t i o n
a =/ \  / [ 1 7 0 . 3  -  918 .3  ( T o e ) ]
Then K^ - was p l o t t e d  a g a i n s t  t h e  square  r o o t  o f  t h e  i o n i c -
s t r e n g t h  ( I  = 3<iC), A l i n e  drawn t h r o u g h  t h e  p o i n t s  was f o u n d
t o  be i n  good  a g r e e m e n t  w i t h  t h e  s l o p e  r e q u i r e d  by t h e  l i m i t i n g
Debye H ucke l  e q u a t i o n ,  
o —
- l o g  f  += 9 . 1 6 4 I 2 
For v a l u e s  above  t h e  v e r y  lo w  c o n c e n t r a t i o n  t o  w h ic h  t h e  
l i m i t i n g  Onsager and Debye H ucke l  e q u a t i o n  a p p l y ,  D a v i e s  and  
James a p p l i e d  t h e  K v a l u e  a l r e a d y  o b t a i n e d  and co m b in ed  i t  w i t h
3th e  D a v i e s  e q u a t i o n :
-  log  f*= 0.50Z2 r T i / ( i +  nJi ) -  0 .201^
where f  = I o n i c  a c t i v i t y  c o e f f i c i e n t ;  Z = V a l e n c y  o f  
t h e  i o n ;  and I  = The i o n i c  s t r e n g t h .
The e q u a t i o n  h a s  b een  shown t o  g i v e  mean i o n i c  a c t i v i t y  
c o e f f i c i e n t s  i n  r e a s o n a b l y  good  a g r e e m e n t  w i t h  t h e  c o r r e c t e d  
d a t a  f o r  a l a r g e  number o f  s a l t s  o f  v a r i o u s  v a l e n c y  t y p e s  in  
w a t e r  a t  25°C up t o  an i o n i c  s t r e n g t h  I  = 0 . 1 .  On t h i s  b a s i s
4a minimum i n  a  can be  p r e d i c t e d ,  a s  D a v i e s  h a s  shown m  t h e
f o l l o w i n g  w a y : -
For b i n a r y  e l e c t r o l y t e s  t h e  d i s s o c i a t i o n  c o n s t a n t  i s
g i v e n  b y :  K = f 2 + a 2m / f u ( l ~ a )    * ( l )
At i o n i c —s t r e n g t h  b e lo w  0 . 1 ,  w i t h o u t  s e r i o u s  e r r o r  f u
was su p p osed  t o  be  u n i t y  and f +  was g i v e n  by
- l o g 1 0 f 2 + = Z2 i j , l : / ( l + ( l )  -  0 . 2 0 l ' ?   . . ( 2 )
2
I  = amZ . . . . . . . . . . . . ( 3 )
D i f f e r e n t i a t i o n  o f  t h e  a b o v e  t h r e e  gave
■p2_2 2  do, . 2_ d ( f 2 ) i ( / i )  da ,f  a  + 2 f  am ^  + a m . - A— -  -K  ( l a )
V  H r r l - losioe = z2S o . k f i  -  4 - 2l   (2a)f  a ( v l )  __  c. ( l + \ l l ) 2 |
? i T  a ^ l ’> _ „ 72 , 2  da ' .2<|X . dm -  aZ + mZ —   ( 3 a )
P u t t i n g  da/dm = o c o n d i t i o n  f o r  minimum was  o b t a i n e d  i n  a  
from ( 3 a ) .
2 \ f ] T .  d ( 4 l ) / d m  a aZ2 = i / m ,  o r  d ( > f l ) /d m  = v f l /2m
2 2 2 d ( f  ^ ) \fl"*s u b s t i t u t i n g  i n  ( l a ) ,  f a  j- «. m ■ s • —  = 0
2 \—" iand s u b s t i t u t i n g  i n  ( 2 a ) ,  -~ * -^ lo g  e = 0 . 4 ^ 1  -  1 .....
1U (1  + { T ) 2 '
For a t e r — t e r  v a l e n t  e l e c t r o l y t e  t h i s  e q u a t i o n  p r e d i c t s  a
<-***' ”*7minimum a t  \ J l  = 0*13 c o r r e s p o n d i n g  t o  am = 0 . 0 0 1 8 8  + 3 * 5 0 x 1 0  K. 
By s u b s t i t u t i n g  t h e  v a l u e  o f  K f o r  la n t h a n u m  f e r r i c y a n i d e  a t  
2 5°C. The minimum f o r  la n t h a n u m  f e r r i c y a n i d e  was p r e d i c t e d
«—7 —•}
f o r k  The i o n i c  c o n c e n t r a t i o n  dm = 0 . 0 0 1 8 8 + 3 . 5 0 x 1 0  x l . 8 2 x 1 0  
D a v i e s  and James hoped t h a t  a c o n d u c t a n c e  minimum m ig h t  be  
o b s e r v e d  t h i s  was n o t  s o ,  t h e  c o n d u c t i v i t y  c u r v e  m e r e l y  
b ecom in g  v e r y  f l a t .  No d o u bt  t h i s  w as  e x p l a i n e d  by t h e  
l i k e l i h o o d  t h a t  t h e  i n c r e a s e *  i n  c o n c e n t r a t i o n  due t o  r i s i n g  a  i s  
more th a n  o f f s e t  by  d e c r e a s e  i n  m o b i l i t i e s  due t o  t h e  r i s i n g  
i o n i c  s t r e n g t h  D a v i e s  and James c u r v e s  w ere  i n  k e e p i n g  w i t h  t h i s .
The p u r p o s e  i n  t a k i n g  up t h i s  work a g a i n  d e p e n d e d  on 
t h e  d i s c o v e r y  t h a t  la n th a n u m  f e r r i c y a n i d e  i s  much more s o l u b l e  
th a n  D a v i e s  and James t h o u g h t .  The o n l y  s o l u b i l i t y  f i g u r e  
t h a t  h a s  b een  p u b l i s h e d  i s  t h a t  o f  P r a n d t l  and Mohr'** T h e se  
a u t h o r s  d i d  n o t  g i v e  t h e i r  e x p e r i m e n t a l  m e th o d * b u t  s t a t e d  t h a t  
a s a t u r a t e d  s o l u t i o n  a t  20  C c o n t a i n e d  5 * 3 1 6  grm s .  o f  la n t h a n u m
or
< * « ! )
~2 *
2
4 ?
o x i d e  p e r  l i t r e ,  w h ic h  c o r r e s p o n d s  t o  0 .0 3 2 6 M .  T h i s  was
a c c e p t e d  by D a v i e s  and James a s  t h e  h i g h e s t  c o n c e n t r a t i o n  t h a t
6c o u l d  be r e a c h e d .  On t h e  o t h e r  hand Marsh s t a t e d  t h a t  t h e  
s o l u b i l i t y  o f  la n th a n u m  f e r r i c y a n i d e  i s  3 2 . 6  mgm atom s p e r  
l i t r e  and Tuchmanr? who d e v o t e d  a M .S c .  t h e s i s  t o  t h e  s t u d y  o f  
a n o m a l i e s  i n  t h e  s o l u b i l i t y  made t h e  f o l l o w i n g  r e m a r k s :
( 1 )  The p r e c i p i t a t i o n  o f  la n th a n u m  f e r r i c y a n i d e  d i f f e r s  
i n  some r e s p e c t  from  what  s h o u l d  be e x p e c t e d  i n  a norm al  
i o n i c  t y p e  o f  p r e c i p i t a t i o n .
( 2 )  He o b s e r v e d  an i n c r e a s e  i n  t h e  e x t e n t  o f  p r e c i p i t a ­
t i o n  w i t h  i n c r e a s e  i n  t e m p e r a t u r e .
( 3 )  The s o l u b i l i t y  o f  t h e  s a l t  i n  w a t e r  a t  2 5 ° C ,  he
c l a i m s ,  t o  be  above  0 .4M ,  and e v e n  a s  h i g h  a s  0 . 6 m.
( 4 )  In  h i s  i n v e s t i g a t i o n  he f o u n d  t h a t  t h e  c r y s t a l s
a f t e r  an i n i t i a l  f a i r l y  r a p i d  r a t e  o f  d i s s o l u t i o n  c o n t i n u e
d i s s o l v i n g  a t  a v e r y  s lo w  r a t e .
( 3 )  P r e s e n c e  o f  an a c i d  or  p o t a s s i u m  c h l o r i d e  f o u n d  t o  
i n c r e a s e  t h e  s o l u b i l i t y  o f  la n t h a n u m  f e r r i c y a n i d e .
There  i s  n o t  much p r e v i o u s  work on la n t h a n u m  f e r r i c y a n i d e  
a p a r t  from t h a t  a l r e a d y  r e f e r r e d  t o .  H e le n  S .  Dunsmore and
t 8James m easu red  c o n d u c t i v i t y  o f  l a n t h a n u m  f e r r i c y a n i d e  i n  
g l y c i n e  s o l u t i o n .  C o n d u c t i v i t y  m e a s u r e m e n t s  o f  t h e  s a l t  i n
1 6 .
b i n a r y  m i x t u r e s  of- w a t e r —d i o x a n ; w a t e r - a c e t o n e ; w a t e r —e t h y l e n e — 
g l y c o l ;  ana w a t e r - e t h a n o l  a t  2 5 °  C were  a l s o  c a r r i e d  o u t  by
9James •
High f i e l d  c o n d u c t a n c e  o f  la n t h a n u m  f e r r i c y a n i d e  was
m easured  a t  200 k v /cm  by D a n i e l  Burg and Andrew P a t t e r s o n 1 0 .
They o b s e r v e d  t h e  c u r v e  f o r  t h e  e x p e r i m e n t  r e s u l t s  bend o v e r
i n  t h e  manner c h a r a c t e r i s t i c  o f  s t r o n g  e l e c t r o l y t e s ,  when e v en
th ou gh  t h e  c o n d u c t a n c e  q u o t i e n t  i s  l a r g e .
The e f f e c t  o f  p r e s s u r e  on t h e  d i s s o c i a t i o n  o f  la n t h a n u m
f e r r i c y a n i d e  i o n —p a i r s  i n  w a t e r  h a s  b e e n  s t u d i e d  by S . D .  Hamann;
11P . J .  P e a r c e ,  and W. S t r a u s s  • They o b s e r v e d  t h e  i n f l u e n c e  
o f  p r e s s u r e  on t h e  m o l a l  d i s s o c i a t i o n  c o n s t a n t  Km; f o r  i o n - p a i r s  
o f  t h e  s a l t .  Km i n c r e a s e d  by  a f a c t o r  o f  1 . 7  b e t w e e n  1 and  
200 atm. The r e s u l t s  a g r e e d  w i t h  t h e  p r e d i c t i o n  o f  t h e  
i o n  a s s o c i a t i o n  t h e o r i e s  o f  B jerrum  and F u o s s ;  when t h e y  
assumed t h a t  a^  Mt h e  c o n t a c t  d i s t a n c e ” was i n d e p e n d e n t  o f  
p r e s s u r e ,  and t h a t  c h a n g e  i n  Km was o n l y  due t o  t h e  c h a n g e s  i n  
d i e l e c t r i c  c o n s t a n t  and d e n s i t y  o f  w a t e r  when t h e  s o l v e n t  
was c o m p r e s s e d .
An X<-ray s t u d y  o f  t h e  s o l i d  by Wei s e x ,  W.O. M i l l g a n ,
12
and J . B .  B a t e s  showed i t  to  be to o  c o m p l i c a t e d  f o r  d e t a i l e d  
a n a l y s i s .
3 .  PURPOSE AND PROGRAMME
O b j e c t  o f  t a k i n g  up t h i s  p r o b le m  i s : -
( 1 )  To e x p l a i n  t h e  c o n t r o v e r s i a l  s o l u b i l i t y  d a t a  p u t  
fo r w a r d  by o t h e r  w o r k e r s .
( 2 )  To make p r e c i s e  c o n d u c t i v i t y  m e a s u r e m e n t s  o f  
t h e  h y d r a t e d  s a l t  s o l u t i o n ,  and t o  e x t e n d  t h e s e  m e a s u r e m e n t s  
t o  more c o n c e n t r a t e d  s o l u t i o n  w i t h  t h e  o b j e c t  o f  f i n d i n g  t h e  
s u s p e c t e d  minimum.
( 3 )  To make s u p p l e m e n t a r y  m e a s u r e m e n t s  on t h e  mean 
a c t i v i t i e s  o f  lan than u m  f e r r i c y a n i d e .
( 4 )  To m easure  s a l t  e f f e c t  on t h e  s o l u b i l i t y  o f  t h e  
h y d r a t e d  s a l t .
( 5 )  To p r e p a r e  by new m e th o d s  more c o n c e n t r a t e d  
s o l u t i o n s  o f  la n th a n u m  f e r r i c y a n i d e ,  s u i t a b l e  f o r  p r e c i s e  
c o n d u c t i v i t y  m e a s u r e m e n t s .
EXPERIMENTAL
THE DILUTE SOLUTIONS
(A) PREPARATION OF LANTHANUM FERRICYANIDE HYDRATE AND ANALYSIS
METHODS
L PREPARATION OF LANTHANUM FERRICYANIDE HYDRATE
The r e a c t i o n :  LaCl^ + K^Ee(CN)^ = LaFe(CN)^ + 3KC1
. . .  13was i n i t i a l l y  u s e d  by Grant and James , i n  t h e  e a r l y  t w e n t i e s ;
t h e y  p r e p a r e d  LaPe ( CN) ^A-H^ O by a d d i n g  a h o t  s o l u t i o n  o f  K^Fe(CN)^  
t o  a b o i l i n g  s o l u t i o n  o f  L a C l , .  The r e a c t i o n  was f u r t h e r  
a d o p t e d  by P r a n d t l  and Mohr1 ^ They u s e d  c o l d  s o l u t i o n s  o f  t h e  
r e a c t a n t s  and warmed t h e  m i x t u r e  g e n t l y  i n  o r d e r  t o  o b t a i n  
p r e c i p i t a t i o n  o f  la n th a n u m  f e r r i c y a n i d e .  The a b o v e  w o r k e r s  
f a i l e d  t o  m e n t io n  t h e  c o n c e n t r a t i o n  o f  th e  r e a c t a n t s ,  and  
m eth od s  o f  d r y i n g  and a n a l y s i n g .  J o s e p h  K. Marsh1 5 i n v e s t i g a t e d  
t h i s  r e a c t i o n  t o  some e x t e n t ,  h i s  g e n e r a l i s e d  form  o f  t h e  
r e s u l t  f o r  R .E .  ( R .E .  = Rare e a r t h )  f e r r i c y a n i d e  i s  t h a t  t h e  
p r e c i p i t a t i o n  o f  R .E .  f e r r i c y a n i d e  i s  p o s s i b l e  from  c h l o r i d e  
s o l u t i o n  a t  any t e m p e r a t u r e  b e t w e e n  15°C and 100°C  by t h e  
a d d i t i o n  o f  K^Pe(CN)g . H o w ever ,  he f o u n d  t h e  p r e c i p i t a t i o n  
t e m p e r a t u r e  o f  4 0 - 6 o ° C  t o  be m ost  f a v o u r a b l e ;  m e c h a n i c a l  
s t i r r i n g  was u s e d .  At low  t e m p e r a t u r e  c o n c e n t r a t i o n  o f  t h e  
o r d e r  o f  2 0 0 S / 1  o x i d e  o f  LaCl^ was n e c e s s a r y  i n  o r d e r  t o  g e t  
p r e c i p i t a t e s  o f  R .E ,  f e r r i c y a n i d e s .
. 1  £
D a v i e s  and James p r e p a r e d  t h e  sam ple  f o r  t h e i r
c o n d u c t i v i t y  work by  a m o d i f i c a t i o n  o f  t h e  method o f  P r a n d t l  and
Mohr, 4 0 g / l  o x i d e  c o n c e n t r a t i o n  o f  c o l d  LaCl^ s o l u t i o n  was
m ixed w i t h  a c a l c u l a t e d  vo lum e o f  c o l d  s a t u r a t e d  K^Pe(CN)^,
The s o l u t i o n  was k e p t  i n  t h e  dark f o r  f o u r  d a y s ,  and t h e
c r y s t a l s  o b t a i n e d  were d r i e d  o v e r  a p a r t i a l l y  d e h y d r a t e d  sample
o f  t h e  s a l t  i n  a vacuum d e s i c c a t o r .  I t  was a n a l y s e d  f o r
17
Fe(CN)g  c o n t e n t  u s i n g  t h e  m ethod g i v e n  by K o l t h o f f  , The 
sample  was LaFe (CNjgSHgO*
In 1952  Tuchmann, i n  h i s  M .S c .  t h e s i s  , i n v e s t i g a t e d  
th e  same r e a c t i o n .  He d e m o n s t r a t e d
( 1 )  t h a t  24  h o u r s  r o t a t i o n  i s  s u f f i c i e n t  f o r  maximum 
p r e c i p i t a t i o n  a t  2 5 ° C ,  no f u r t h e r  p r e c i p i t a t i o n  t a k i n g  
p l a c e  on r o t a t i o n  f o r  l o n g e r  p e r i o d s .
( 2 )  t h a t  a l t h o u g h  r i g i d  c o n t r o l  o f  m i x i n g  t e m p e r a t u r e  
may be u n n e c e s s a r y  f o r  c o n c e n t r a t e d  s o l u t i o n s  ( 0 . 8 7 1 M ) ,  
t h e  m a i n t e n a n c e  o f  a c o n s t a n t  t e m p e r a t u r e  t h r o u g h o u t  may 
w e l l  be e s s e n t i a l  f o r  c o n s i s t e n t  r e s u l t s  a t  l o w e r  i n i t i a l  
c o n c e n t r a t i o n  ( f r o m  a b o u t  0 .697M  t o  0 .7 9 2 M ) .
( 3 )  t h a t  t h e  c r i t i c a l  i n i t i a l  c o n c e n t r a t i o n  r e q u i r e d  
f o r  c r y s t a l l i s a t i o n  t o  t a k e  p l a c e  i s  j u s t  b e l o w  0 .7M .  
C r y s t a l l i s a t i o n  was  s lo w  a t  t h i s  c o n c e n t r a t i o n ,  b u t  more 
r a p i d  a t  h i g h e r  c o n c e n t r a t i o n s .
The same r e a c t i o n  was u s e d  in  t h e  p r e s e n t  work f o r  
t h e  p r e p a r a t i o n  o f  t h e  h y d r a t e d  s a m p l e ,  A known q u a n t i t y  o f
B .D .H .  lan th an u m  c h l o r i d e  was  d i s s o l v e d  i n  a known v o lu m e  o f  
b o i l e d  o u t  d e i o n i s e d  d i s t i l l e d  w a t e r  t o  g i v e  a s o l u t i o n  o f  
1 . 9 9  m olar  c o n c e n t r a t i o n .  In  a s e p a r a t e  l i t r e  c o n i c a l  f l a s k  
an e q u i v a l e n t  q u a n t i t y  o f  r e c r y s t a l l i s e d  a n a l y t i c a l l y  pu re  
K^Pe(CN)^ was d i s s o l v e d  i n  a known volum e o f  b o i l e d  o u t  
d e i o n i s e d  d i s t i l l e d  w a t e r  t o  g i v e  a s o l u t i o n  o f  0 . 9  m o la r  
c o n c e n t r a t i o n .  The l a t t e r  was  s u s p e n d e d  i n  a w a t e r  b a t h  
c o n t r o l l e d  a t  25°C + 0 . 0 1 ° C .  The f l a s k  was k e p t  shaken  w i t h  
th e  u s e  o f  a m e c h a n i c a l  sh a k e r *  When t h e  s o l u t i o n  o f  K^Fe(CN)^  
had a t t a i n e d  t h e  b a t h  t e m p e r a t u r e ,  la n t h a n u m  c h l o r i d e  was added  
d r o p - w i s e .  No p r e c i p i t a t e  was  o b s e r v e d  f o r  a f e w  m i n u t e s  
a f t e r  t h e  c o m p l e t e  a d d i t i o n  o f  l a n t h a n u m  c h l o r i d e .  The r e a c t i o n  
f l a s k  was l e f t  o v e r n i g h t  in  t h e  dark and, when t h e  o r a n g e  
c o l o u r e d  c r y s t a l s  of la n t h a n u m  f e r r i c y a n i d e  w h ic h  had fo rm ed  
were d r a i n e d  o f f ,  t h e  p r e c i p i t a t e  was t h e n  t r a n s f e r r e d  t o  a 
Buckner f u n n e l  and w ash ed  t h o r o u g h l y  w i t h  c o l d  w a t e r  t i l l  f r e e  
from K  ^ and Cl The c r y s t a l l i n e  sample  was  t h e n  a l l o w e d  t o
s ta n d  i n  a vacuum d e s i c c a t o r  o v e r  a p a r t i a l l y  h y d r a t e d  sample  
o f  L aFe(CN)g ,  c o n s t a n t  w e i g h t  was o b t a i n e d  a f t e r  a f e w  w e e k s .
2 .  ANALYSIS METHODS:
The sample was a n a l y s e d  b o t h  f o r  F e ( C N ) ^  and La+  ^
c o n t e n t s .  The Fe (C N )g  c o n t e n t  was  e s t i m a t e d  i o d o m e t r i c a l l y ,  
u s i n g  t h e  method o f  K o l t h o f f .  S e v e r a l  w o r k e r s  h a v e  e s t i m a t e d
2 3 .
La+  ^ by p r e c i p i t a t e  a s  o x a l a t e ,  b u t  t h i s  r e q u i r e s  t h e  p r e v i o u s  
d e s t r u c t i o n  o f  t h e  F e (C N )^ 3 r a d i c l e ,  a d i f f i c u l t  p r o c e s s  t h a t  
i s  l i a b l e  t o  i n t r o d u c e  e r r o r s *  An a l t e r n a t i v e  t o  t h i s ,  a 
c o n d u c t i m e t r i e  method was d e v e l o p e d *  T h i s  c o n s i s t e d  o f  a d d i n g
an a qu eous  s o l u t i o n  o f  t h e  D is o d iu m  S a l t  o f  E * D . T . A . , t o  a known
volume o f  s o l u t i o n  c o n t a i n e d  i n  a c o n d u c t i v i t y  c e l l *  The end  
p o i n t  was i d e n t i f i e d  by a sh arp  i n c r e a s e  i n  r e s i s t a n c e *  The
f i r s t  branch  o f  t i t r a t i o n  c u r v e  was c u r v e d ,  so t h a t  two
t i t r a t i o n s  w ere  s o m e t i m e s  n e c e s s a r y  to  d e t e r m i n e  t h e  end p o i n t  
w i t h  t h e  d e s i r e d  a c c u r a c y .  T h i s  method was s t a n d a r d i s e d  and 
shown to  be r e l i a b l e  by  e s t i m a t i o n s  c a r r i e d  o u t  on s o l u t i o n s  
o f  known La-  c o n c e n t r a t i o n .
EXPERIMENTAL DETAIL:
A c o n d u c t i v i t y  c e l l  was  a p y r e x  b o t t l e  o f  s u i t a b l e  
c a p a c i t y  c l o s e d  by  a s t o p p e r  w h ic h  c a r r i e s  t h e  two e l e c t r o d e  
l e a d s  and had a t h i r d  o p e n i n g  t h r o u g h  w h ic h  t h e  r e a g e n t  may be  
a d d ed .  M ix in g  i s  a c h i e v e d  by  g e n t l e  s h a k i n g  o f  t h e  c o n t e n t s  
o f  t h e  b o t t l e  i n  a t h e r m o s t a t  c o n t r o l l e d  a t  25°C +_ 0 . 0 0 5 ° C .
The e l e c t r o d e s  were  s t o u t  h o r i z o n t a l  p l a t i n u m  d i s c s  p r e v i o u s l y  
p l a t i n i s e d ,  and t h e  g l a s s  tu b e  c a r r y i n g  t h e  l o w e r  e l e c t r o d e  
p a s s e s  t h r o u g h  a h o l e  i n  t h e  u p per  o n e .  I f  t h e  t u b e s  e n c l o s i n g  
t h e  e l e c t r o d e  l e a d s  a r e  f i r m l y  h e l d  by  t h e  s t o p p e r  t h e  e l e c t r o d e s
can be k e p t  i n  t h e  same r e l a t i v e  p o s i t i o n s  f o r  a s  l o n g  a s  i s
r e q u i r e d .  The c e l l  c o u l d  be e a s i l y  a d a p t e d  f o r  u s e  w i t h  more
c o n c e n t r a t e d ,  or  more d i l u t e ,  s o l u t i o n s  by  i n c r e a s i n g ,  or
d e c r e a s i n g ,  th e  d i s t a n c e  b e t w e e n  t h e  e l e c t r o d e s .  The m eth od
and t e c h n i q u e s  o f  c o n d u c t i m e t r i e  t i t r a t i o n s  are  d e s c r i b e d  by  
18D a v i e s  • S t a n d a r d  E .D .T .A .  was  p r e p a r e d  by d i s s o l v i n g  a
known q u a n t i t y  o f  D i s o d iu m  d i h y d r o g e n  e t h y l e n e d i a m i n e t e t r a -
a c e t a t e  a n a l a r  sample  i n  b o i l e d  o u t  d e i o n i s e d  d i s t i l l e d  w a t e r
and making up t h e  s o l u t i o n  t o  1 0 0 0  m l .  T h i s  was  f u r t h e r
s t a n d a r d i s e d  w i t h  z i n c  u s i n g  E r io c h r o m e  B l a c k  T a s  i n d i c a t o r
19f o l l o w i n g  t h e  method o f  V o g e l  . The t i t r a t i n g  s t a n d a r d  
s o l u t i o n  o f  E .D . T . A .  was p l a c e d  in  a c a l i b r a t e d  10 m l .  
m i c r o b u r e t t e *  A known volum e o f  LaFe(CN)^ t o  be  a n a l y s e d  
was p i p e t t e d  i n t o  t h e  c e l l .  100  ml o f  b o i l e d  o u t  d e i o n i s e d  
d i s t i l l e d  w a t e r  was  a d d ed .  No b u f f e r  s o l u t i o n  was  u s e d ,  t h e  
pH o f  t h e  s o l u t i o n  b e i n g  i n  t h e  r e g i o n  o f  pH = 6—7 .  The w h o le  
c e l l  was th en  a l l o w e d  to  come t o  t h e  t e m p e r a t u r e  o f  t h e  
t h e r m o s t a t .  The r e a g e n t  was ad d ed  i n  s m a l l  p o r t i o n s  and t h e  
s o l u t i o n  was  shaken a f t e r  e a c h  a d d i t i o n .  The c o n d u c t i v i t y  i s  
m easured  a f t e r  t h e  w e l l  m ixed  s o l u t i o n  h a s  b e e n  a l l o w e d  t o  
s t a n d  f o r  a m in u te  o r  t w o .  The a d d i t i o n  o f  t h e  t i t r a t i n g  
r e a g e n t  was c o n t i n u e d  u n t i l  a t  l e a s t  f i v e  r e a d i n g s  b ey o n d  
t h e  e q u i v a l e n c e  p o i n t  have  b e e n  made.
The a c c u r a c y  and u s e f u l n e s s  o f  t h i s  method was  
f u r t h e r  c o n f i r m e d  by  u s i n g  a known c o n c e n t r a t i o n  o f  LaCl^  
where La+5 c o n c e n t r a t i o n  was  known by t i t r a t i n g  a known vo lum e  
o f  t h e  s o l u t i o n  a g a i n s t  E . D . T . A .  u s i n g  E r io ch ro m e  B l a c k  T 
a s  an i n d i c a t o r .  D i l u t i o n  c o r r e c t i o n  c o u l d  be a v o i d e d  by  
p l o t t i n g  / \  v a l u e  a s  o r d i n a t e s  a g a i n s t  t h e  vo lum e o f  t h e  
t i t r a t i n g  r e a g e n t  a s  a b s e c i s s a e ,  t h e  cu rv e  and t h e  s t r a i g h t  l i n e  
p o r t i o n s  are  e x t r a p o l a t e d  u n t i l  t h e y  i n t e r s e c t  and t h e  p o i n t  
o f  i n t e r s e c t i o n  i s  t a k e n  a s  t h e  e q u i v a l e n c e  p o i n t  o f  t h e  
r e a c t i o n .
h*, 3The LaPe(CN)^ s a m p l e ,  when a n a l y s e d  b o t h  f o r  La
’■*3 +3 - 3and Pe(CN)^ by  t h e  a bove  m e t h o d s ,  gave  La t o  F e (C N )g  r a t i o
a s  1 . 0 0 3 6 .  E x c e s s  0 . 3 6 $  o f  La+  ^ c o n t e n t  i s  a c c o u n t e d  f o r  by  
th e  d i f f e r e n c e  i n  a b s o l u t e  La+  ^ v a l u e  o b t a i n e d  by c o n d u c t i m e t r i e  
method and t h e  v a l u e  o b t a i n e d  by  K o l t h o f f * s  method f o r  F e ( C N ) g ^ ,  
i n  w h ic h  an i n t e r n a l  i n d i c a t o r  ( s t a r c h )  was u s e d .  I t  i s  t h i s  
i n d i c a t o r  w h ich  seems r e s p o n s i b l e  f o r  t h e  ab o v e  d i f f e r e n c e .
A t y p i c a l  t i t r a t i o n  c u r v e  i s  shown i n  F i g .  1 .
Here A r e p r e s e n t s  t h e  d i f f e r e n c e  i n  b r i d g e  r e a d i n g s  when t h e  
r e l a t i v e  p o s i t i o n  o f  t h e  b r i d g e  arms was i n t e r c h a n g e d ,  u s i n g  a 
c o n s t a n t  r e s i s t a n c e  i n  t h e  s e c o n d  arm ( s e e  d e s c r i p t i o n  o f  b r i d g e  
on page ) .  The o b s e r v a t i o n  t a b l e s  a r e  s e l f - e x p l a n a t o r y .  The 
r e a d i n g s  from w hich  F i g ,  1 was  c o n s t r u c t e d  are  g i v e n  i n  T a b le  1
2 6 .
TABLE 1
CONDUCTIMETRIC TITRATION: TEMP: 25°C ±  0 . 0 0 5 ° C
CONDUCTIVITY CELL: 25ML o f  LaPe(CN)^+ 100ML OF H2 0 PH 7 
BURETTE! 0 .02579M  DISODIUM E . D . T . A ,
------------------------------------------- . ■ -  7X
ML OF E .D . T . A .  R BOX POSITION 1 POSITION 2 ■ ( 2 - 1 )
0 . 0 236 4 6 . 0 8 4 5 . 1 4 - 0 . 9 4
1 . 0 153 4 4 . 5 6 4 6 . 5 8 + 2 . 0 2
2 . 0 1 1 4 4 6 . 9 0 4 4 . 2 9 - 2 . 6 1
3 . 0 94 4 4 . 7 5 4 6 . 3 8 +1 . 6 3
6 . 0 67 4 5 . 0 3 4 6 . 0 5 + 1 . 0 2
7 . 0 64 4 7 . 9 3 4 3 . 1 8 - 4 . 7 5
7 . 1 64 4 7 . 4 2 4 3 . 7 5 - 3 . 6 7
7 . 2 64 4 7 . 0 5 4 4 . 0 8 - 2 . 9 7
7 . 3 64 4 6 . 7 5 4 4 . 4 6 - 2 . 2 9
7 . 4 64 4 6 . 4 6 4 4 . 6 4 - 1 . 8 2
7 . 3 64 4 6 . 3 5 4 4 . 8 5 - 1 . 5 0
7 . 6 64 4 6 . 2 2 4 4 . 9 5 - 1 . 2 7
7 . 7 64 4 6 . 1 5 4 4 . 0 5 - 1 . 1 0
7 . 8 64 4 6 . 1 2 4 5 . 0 1 - 1 . 1 1
7 . 9 64 4 6 . 1 9 4 4 . 9 5 - 1 . 2 4o•00 64 4 6 . 2 5 4 4 . 9 2 - 1 . 3 3
8 . 5 64 4 7 . 3 2 4 3 . 8 5 - 3 . 4 7
9 . 0 65 4 5 . 4 5 4 5 . 5 5 - 0 . 1 0
READING- FROM THE G-RAPH = 7.704ML
MOLAR CONCENTRATION OF La+3 = 0 . 0 7 9 4 7 5
MOLAR CONCENTRATION OF F e ( C N ^ ( B Y  KOLTHOFF1S METHOD  ^ = 0 . 0 7 9 1 9 1  
RATIO OF L a ^ / F e f C N ) ^  = 1 . 0 0 5 6  \
7-2 
7-3 
7-4 
7-5 
7-6 
7-7 
7-8 
7-9 
8
0
2 7 .
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(B)  SOLUBILITY MEASUREMENTS
( 1 )  INTRODUCTION:
I t  was d e c i d e d  t o  r e d e t e r m i n e  t h e  norm al  s o l u b i l i t y
o f  t h e  h y d r a t e  a t  a number o f  t e m p e r a t u r e s ,  by e q u i l i b r a t i o n  
o f  t h e  c r y s t a l s  w i t h  d e - i o n i s e d  w a te r *  The s o l u b i l i t y  was  
a l s o  measured,  a s  w i l l  be  d e s c r i b e d  l a t e r , ,  i n  a number o f  
e l e c t r o l y t e  s o l u t i o n s  a t  2 5 ° C ,  and, a s  w i l l  be  s h o w n , t h i s  l e d
to  a new method o f  o b t a i n i n g  s o l u t i o n s  o f  a c o n c e n t r a t i o n  
h i g h e r  th a n  t h e  norm al  s o l u b i l i t y .  T h e se  m e a s u r e m e n t s  were  
a l l  c a r r i e d  o u t  by t h e  f o l l o w i n g  method;-
( 2 )  SOLUBILITY APPARATUS:
The im proved  form o f  t h e  a p p a r a t u s  o f  B r ^ n s t e d  and
20  21  
Lamer , d e s c r i b e d  b y  Money and D a v i e s  , was  u s e d ,  F i g ,  2 ,
I t  i s  i n  t h e  form o f  a U t u b e  c o n s i s t i n g  o f  t h r e e  main
p a r t s ,  ( l )  s p h e r i c a l  r e s e r v o i r ,  ( 2 )  s a t u r a t i n g  column t e r m i n a ­
t i n g  i n  a s i n t e r e d  g l a s s  d i s c ,  ( 3 )  w i t h d r a w a l  t u b e .
The a p p a r a t u s  c o u l d  be f i t t e d  w i t h  a r u b b e r  bung  
c a r r y i n g  a r u b b e r  t u b e  w i t h  a s c r e w  c l i p ,  w i t h  w h ic h  t h e  r a t e  
o f  f l o w  o f  s a t u r a t i n g  s o l u t i o n  c o u l d  be  r e g u l a t e d .  When 
t h e r e  i s  no n e e d  o f  c o n t r o l l i n g  t h e  r a t e  o f  f l o w  t h e  r u b b e r  
bung and r u b b e r  t u b e s  a r e  r e p l a c ’ed  by m e t a l  c a p s .  In  a l l  
s o l u b i l i t y  m e a s u r e m e n t s  t h e  r a t e  o f  f l o w  o f  t h e  s a t u r a t i n g
s o l u t i o n  was n o r m a l ,  i . e . ,  a b o u t  2 5 - 3 5  m l / h o u r ,  t h e r e f o r e  a
|
m e t a l  cap was p l a c e d  on t h e  s p h e r i c a l  r e s e r v o i r  t o  p r o t e c t  i t  
from t h e  d u s t ,  and a n o t h e r  m e t a l  cap was p l a c e d  on t h e  j
w it h d r a w a l  tu b e  t o  a v o i d  t h e  p o s s i b l e  e v a p o r a t i o n  from  t h e  |i
w i t h d r a w a l  t u b e .
The o t h e r  arm c o n s i s t e d  o f  a p a r a l l e l  w i t h d r a w a l  
tu b e  c o n n e c t e d  t o  t h e  s a t u r a t i n g  column by a c a p i l l a r y  t u b e .
The w i t h d r a w a l  tu b e  was w ide  en o u g h  t o  a d m it  a 100  ml p i p e t t e  
and s u f f i c i e n t l y  l o n g  t o  p r o j e c t  1 t o  2 cm above  t h e  l e v e l  o f  |
th e  w a te r  i n  th e  t h e r m o s t a t  t a n k .  An a d v a n t a g e  i n  so 
m o d i f y i n g  t h e  o r i g i n a l  a p p a r a t u s  was t h a t  i t  e n a b l e s  t h e  j
s a t u r a t e d  s o l u t i o n  t o  be  k e p t  a t  t h e  s a t u r a t i o n  t e m p e r a t u r e
u n t i l  s u f f i c i e n t  s o l u t i o n  h a s  c o l l e c t e d  f o r  e s t i m a t i o n ,  t h u s  
e l i m i n a t i n g  t h e  p o s s i b i l i t y  o f  t h e  s a t u r a t i n g  s a l t  c r y s t a l l i s i n g  
out  i n  th e  c a p i l l a r y  t u b e .  The c a p a c i t y  o f  t h e  s p h e r i c a l  
r e s e r v o i r  and t h e  w i t h d r a w a l  tu b e  i s  a b o u t  100 m l .  The 
s a t u r a t i n g  column c o u l d  accommodate  a b o u t  1 5 - 2 0  gms o f  t h e  
s a l t  LaFe(CN)g w h ic h  i s  q u i t e  en o u g h  t o  s a t u r a t e  100  ml o f  j
th e  s o l v e n t .  |
( 3 )  METHOD USED:
The a p p a r a t u s  was c l e a n e d  by HN0*-Co H1_0H t r e a t m e n t ,5 2 5 7 |
washed t h o r o u g h l y  w i t h  d i s t i l l e d  w a t e r  and f i n a l l y  r i n s e d  w i t h  j
t h e  s o l v e n t  t o  be u s e d ,  i n  t h i s  c a s e  w i t h  b o i l e d  o u t  d i s t i l l e d  water.
A s u s p e n s i o n  o f  LaFe(CN)^ i n  w a t e r  was p o u r e d  i n t o
th e  r e s e r v o i r  and a f i n e  u n i f o r m  l a y e r  o f  t h e  s o l u t e  LaFe(CN)^
was fo r m e d .  In  e x p e r i m e n t s  two s u c h  s a t u r a t o r s  were  u s e d
to  p r o v i d e  d u p l i c a t e  r e a d i n g s .  T h ese  w ere  im m ersed  i n  a
t h e r m o s t a t i c a l l y  c o n t r o l l e d  h a t h  c o n s i s t i n g  o f  a g l a s s  w a l l e d
t a n k .  The l i q u i d  o f  t h e  h a t h  was d i s t i l l e d  w a t e r .  The
t e m p e r a tu r e  o f  t h e  h a t h  was m a i n t a i n e d  a t  t h e  r e q u i r e d
te m p e r a tu r e  i n  t h e  a c c u r a c y  o f  +. 0 * 0 1 ° C .  When t h e  s o l u b i l i t y
was t o  be m easured  a t  1 8 °  +_ 0 . 0 1 ° C  and 15°C hh 0 . 0 1 ° C  c o l d  t a p
w a te r  was  c i r c u l a t e d  t h r o u g h  a c o i l  i n  t h e  t h e r m o s t a t  t a n k .
I t  was a l m o s t  i m p o s s i b l e  t o  m ea su re  t h e  s o l u b i l i t y  o f  t h e
compound a t  0°C u s i n g  t h e  t h e r m o s t a t  m e n t i o n e d  a b o v e  a s  i t  was
d i f f i c u l t  t o  r e g u l a t e  t h e  t e m p e r a t u r e  o f  t h e  b a t h ,  t h e r e f o r e
o o
an a p p r o x im a te  s o l u b i l i t y  m easu rem en t  was  made a t .  5 C £  0 . 0 5  C.
A s e p a r a t e  l i t r e  c a p a c i t y  g l a s s  v e s s e l  was u s e d .  S a t u r a t o r s  
were immersed i n  t h e  v e s s e l  c o n t a i n i n g  i c e .
The t e m p e r a t u r e  o f  t h e  b a t h  was c o n t r o l l e d  by a t o l u e n e  
mercury  s p i r a l  r e g u l a t o r  w h ic h  o p e r a t e d  t h e  h e a t i n g  lamp  
th ro u g h  a r e l a y .  S t i r r i n g  was  e f f e c t e d  by  means o f  a d o u b l e  
p a d d le  and t h e  t e m p e r a t u r e  v a r i a t i o n  o v e r  t h e  w h o le  t a n k  was  
n o t  more th a n  0 . 0 1 ° C ; t h e  th e r m o m e t e r  u s e d  was an N . P . L .  
c a l i b r a t e d  i n s t r u m e n t .
A f t e r  t h e  i n i t i a l  f i l l i n g ;  t h e  s a l t  co lumn was  
washed by a l l o w i n g  b o i l e d  o u t  d i s t i l l e d  w a t e r  t o  p e r c o l a t e  
th r o u g h  i t .  The s o l u t i o n  c o l l e c t e d  i n  t h e  w i t h d r a w a l  t u b e  
was r e j e c t e d .  The p r o c e s s  was  r e p e a t e d .  Thus m in u te  
c r y s t a l s  h a v in g  a h i g h e r  s o l u b i l i t y  a s  w e l l  a s  t r a c e s  o f  
e x t r a n e o u s  s a l t s  w h ic h  c o u l d  i n f l u e n c e  t h e  r e s u l t s  were  
e l i m i n a t e d .
The r e s e r v o i r  was t h e n  r e f i l l e d  and  t h e  s o l v e n t  was  
a l l o w e d  to  p e r c o l a t e  t h r o u g h  t h e  c o lu m n .  The s a t u r a t e d  
s o l u t i o n  was  a l l o w e d  t o  c o l l e c t  i n  t h e  w i t h d r a w a l  t u b e .  A
sample o f  t h e  s a t u r a t e d  s o l u t i o n  c o l l e c t e d  i n  t h e  w i t h d r a w a l  
tu b e  was w i th d ra w n  i n  a c l e a n  d r y  p i p e t t e  c a l i b r a t e d  a t  25°C  
and e s t i m a t e d  f o r  Fe (C N )g  c o n t e n t .  The s o l u t i o n  i n  t h e  
w i t h d r a w a l  tu b e  was  t h e n  w i th d r a w n  and r e - f e d  i n t o  t h e  
r e s e r v o i r  and t h e  p r o c e s s  was  r e p e a t e d  t i l l  two c o n s e c u t i v e
p r o c e s s e s  p r o d u c e d  a c o n s t a n t  r e a d i n g *
( 4 )  PRECAUTIONS:
Two main s o u r c e s  o f  e r r o r  c o u l d  be e x p e c t e d  i n  t h e  
above method:
( a )  I n c o m p l e t e  s a t u r a t i o n  o f  t h e  s o l u t i o n .
( b )  E v a p o r a t i o n  i n  t h e  w i t h d r a w a l  t u b e .
( a )  I n c o m p l e t e  s a t u r a t i o n  o f  t h e  s o l u t i o n  : —
In a l l  t h e  m e a s u r e m e n t s  t h e  r a t e  o f  f l o w  was  n o rm a l
i . e . ,  2 5 - 3 5 m l / h o u r . E x p e r i m e n t s  i n  w h i c h  t h e  r a t e  o f  f l o w  
o f  s o l v e n t  th r o u g h  s o l u t e  was v a r i e d  showed t h a t  t h i s  f a c t o r  
had no i n f l u e n c e  on t h e  r e s u l t .  The e r r o r  due t o  t h i s  was  
b r o u g h t  t o  minimum by  r e f e e d i n g  t h e  s a t u r a t e d  s o l u t i o n  s e v e r a l  
t i m e s .  In s e p a r a t e  e x p e r i m e n t s  i t  was a l s o  known t h a t  th e  
s i x  h o u r s  l i m i t  i s  q u i t e  a d e q u a t e  f o r  t h e  s o l v e n t  to  become  
s a t u r a t e d  w i t h  LaEe(CN)^.
(b )  E v a p o r a t i o n  i n  t h e  w i t h d r a w a l  t u b e : „ .
E r r o r s  from e v a p o r a t i o n  i n t o  t h e  upper  p a r t  o f  t h e  
c o l l e c t i n g  tu b e  w ere  a v o i d e d  by  w i t h d r a w i n g ,  and a n a l y s i n g ,  
th e  s o l u t i o n  nor  more th a n  3 h o u r s  a f t e r  t h e  b e g i n n i n g  o f  t h e  
e x p e r i m e n t ,  and u s i n g  an a p p r e c i a b l e  v o lu m e  o f  t h e  s o l v e n t  in  
t h e  e x p e r i m e n t .  E v a p o r a t i o n  o f  w a t e r  i n t o  t h e  u p p er  p a r t  
o f  t h e  tu b e  was s o m e t im e s  o b s e r v e d ,  b u t  drop f o r m a t i o n  on t h e  
w a l l s  o f  t h e  tu b e  was  m i n i m i s e d  by d r a s t i c  c l e a n i n g  o f  t h e  
g l a s s  b e f o r e  f i l l i n g ,  w i t h  ch ro m ic  a c i d  o r  n i t r i c  a c i d — 
e t h y l a l c o h o l  r e a c t i o n .
E x p e r i m e n t s  were  made t o  a t t e m p t  t o  a s s e s s  t h e  
m agn itu d e  o f  t h e  e r r o r  due t o  e v a p o r a t i o  n by l e a v i n g  t h e  
s a t u r a t e d  s o l u t i o n  i n  th e  w i t h d r a w a l  tu b e  f o r  v a r i o u s  p e r i o d s  
o f  t i m e .  A f t e r  s i x  to  e i g h t  h o u r s  no a l t e r a t i o n  i n  t h e  
c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  c o u l d  be d e t e c t e d .  I t  i s
t h e r e f o r e  c o n c l u d e d  t h a t  t h i s  s o u r c e  o f  e r r o r  c o u l d  s a f e l y  
be n e g l e c t e d .
TABLE 2
SOLUBILITY OF LANTHANUM FERBICYANIDE 
IN WATER
(CONCENTRATION, IN MOLES PER LITRE )
TEMPERATURE CONCENTRATION OF LANTHANUM
0 .5 ° C
15°C
18°C
20°C
25°C
30°C
35°C
0 . 1 1 3 9
0 * 0 9 5 1 1
0 . 0 9 3 9 3
0 . 0 9 1 0 5
0 . 0 8 7 7 5
0 . 0 8 1 6 3
0 . 0 7 5 7 3
F I G . 2 . BR<|>NSTED DAVIES S A T U R A T O R
RESERVOIR
s a t u r a t i n g
COLUMN
W IT HD RA W AL
t u b e .
3 5 .
SOLUBILITY O F  Lo Fc (c n ) 6 mo l s .  per  l i tre.
cn
ISJ
tn
04
(c) CONDUCTIVITY MEASUREMENTS
( 1 )  INTRODUCTION?
2 5D a v i e s  and James p o i n t e d  o u t  t h a t  t h e  c o n d u c t i v i t y  
c u r v e  o b t a i n e d  f o r  la n th a n u m  f e r r i c y a n i d e  i s  q u i t e  u n l i k e  
t h o s e  f o r  1 : 1  v a l e n c y  t y p e  e l e c t r o l y t e s  i n  t h e  way t h a t
26
f l a t t e n i n g  o u t  o c c u r s  a t  m o d e r a t e  c o n c e n t r a t i o n .  D a v i e s  
has  shown t h a t  such a b e h a v i o u r  i s  q u i t e  common f o r  s o l u t i o n s  
o f  m u l t i v a l e n t  e l e c t r o l y t e s ,  i n  w h ic h  i o n i c  s t r e n g t h  i n c r e a s e s  
s u f f i c i e n t l y  r a p i d l y  w i t h  c o n c e n t r a t i o n ,  and D a v i e s  p o i n t e d  
o u t  t h a t  t h e r e  s h o u l d  be  a minimum i n  t h e  d e g r e e  o f  d i s s o c i a t i o n ,  
and maximum i o n  a s s o c i a t i o n ;  on e i t h e r  s i d e  o f  t h i s  t h e r e  
s h o u ld  be i n c r e a s e  i n  t h e  d e g r e e  o f  d i s s o c i a t i o n .  No 
c o n d u c t i v i t y  m e a s u r e m e n t s  had b e e n  made i n  h i g h e r  c o n c e n t r a t i o n  
o f  t h e  s a l t .  The p r e s e n t  work was done a c c u r a t e l y  t o  s u p p o r t  
th e  above  v i e w  o f  c o n d u c t i v i t y  minimum.
( 2 )  CONDUCTIVITY APPARATUS AND EXPERIMENTAL TECHNIQUE
( a )  MEASUREMENT OF RESISTANCE:
The r e s i s t a n c e  o f  t h e  e l e c t r o l y t e  was  d e t e r m i n e d  w i t h  
th e  a i d  o f  a m o d i f i e d  W h e a t s t o n e ’ s b r i d g e 2 ? A s t r a i g h t  t y p e  
o f  b r i d g e  w i r e  was u s e d .  The e r r o r  due t o  t h e  d i f f i c u l t y  i n
m a i n t a i n i n g  t h e  b r i d g e  w ir e  a t  u n i f o r m  t e m p e r a t u r e  was  
m in im is e d  b y  u s i n g  a w i r e  c o n s t r u c t e d  o f  an a l l o y  w i t h  a lo w  
t e m p e r a t u r e  c o e f f i c i e n t *  The w i r e  w a s  c o n v e n i e n t l y  s t r e t c h e d  
o v e r  a m e t e r  s c a l e *  I n c r e a s e d  a c c u r a c y  o f  r e a d i n g s  was  
a c h i e v e d  b y  c o n n e c t i n g  end p i e c e s  t o  t h e  two e n d s  o f  t h e  
metre  b r i d g e  w i r e .  T hese  e x t e n s i o n  p i e c e s  a r e  o f  t h e  same 
m a t e r i a l  a s  t h e  b r i d g e  w i r e ,  w i t h  s m a l l e r  c r o s s  s e c t i o n *  Each  
e x t e n s i o n  p i e c e  had a b o u t  45  t i m e s  t h e  r e s i s t a n c e  o f  t h e  m etre  
w i r e ,  t h e  w h o le  b e i n g  e q u i v a l e n t  to  a 10 m e tr e  b r i d g e .
The b r i d g e  c o u l d  t h e n  be a d a p t e d  c o n v e n i e n t l y  f o r  m e a s u r i n g  v e r y  
h i g h  r e s i s t a n c e s  ( e . g . ,  t h e  r e s i s t a n c e  o f  t h e  pure  s o l v e n t )  
by r em o v in g  one o f  t h e  two e x t e n s i o n  c o i l s *  The c e n t r e  p o i n t  
o f  th e  s t r a i g h t  m e tr e  w i r e  t h e n  c o r r e s p o n d s  t o  a r e s i s t a n c e  
r a t i o  10 : 1 .  Thus r e a d i n g s  v e r y  c l o s e  t o  t h e  end o f  t h e  
s c a l e  can be a v o i d e d *
pO
The s l i d i n g  c o n t a c t  o f  t h e  t y p e  m e n t i o n e d  by D a v i e s '  
was c o n v e n i e n t l y  u s e d .  An a c t i o n  h a r s h  en o u g h  t o  damage th e  
b r i d g e  was a v o i d e d ,  b y  u s i n g  a g l a s s  b l o c k  a c r o s s  t h e  f a c e  o f  
which was s e c u r e d  a t h i n  w i r e ;  when t h i s  c r o s s  w i r e  r e s t e d  
on th e  b r i d g e  w i r e ,  t h e  p o s i t i o n  o f  c o n t a c t  c o u l d  be r e a d  o f f  
th ro u g h  t h e  g l a s s  t o  0.2mm c o r r e s p o n d i n g  t o  0 .002 ;#  o f  t h e  
r e s i s t a n c e  o f  t h e  w h o l e .
The c e l l  and t h e  r e s i s t a n c e  b o x  c o u l d  be  i n t e r c h a n g e d  
in  c i r c u i t  p o s i t i o n ,  w i t h  r e s p e c t  t o  t h e  b r i d g e  w i r e ,  
c o n n e c t i o n s  b e i n g  made t h r o u g h  a s u i t a b l e  com m utator  c o n s i s t i n g  
o f  a p a r a f f i n  b l o c k  c o n t a i n i n g  m ercu ry  c u p s .  The r e s i s t a n c e  
box was o f  t h e  ^ o n - i n d u c t i v e *  t y p e  w i t h  v e r y  low  t e m p e r a t u r e  
c o e f f i c i e n t  b y  th e  Cambridge I n s t r u m e n t  Company and was  
c a l i b r a t e d  by  N . P . L .  A L e e d s  and N o r t h r a p  0 . 0 0 0 5  m . f . d .  
v a r i a b l e  a i r  c o n d e n s e r  was  c o n n e c t e d  i n  i D a r a l l e l  w i t h  t h e  
r e s i s t a n c e  b o x .  T h i s  was  u s e d  t o  b a l a n c e  o u t  t h e  c e l l  
c a p a c i t y .  For a f e w  m e a s u r e m e n t s  t h i s  was fo u n d  t o  be  
i n a d e q u a t e ,  and an 0 . 0 1  m . f . d .  v a r i a b l e  c o n d e n s e r  w as  u s e d  i n  
p a r a l l e l  w i t h  i t .  An A i r  Mec ( F . S ,  = 100  | iA ) , o s c i l l a t o r /  
d e t e c t o r  t y p e  703 was  u s e d  a s  d e t e c t o r .
( b )  BRIDG-E ASSEMBLY:
C o n n e c t i n g  p i e c e s  were  o f  s t o u t  c o p p e r  w i r e ,  and t h e i r  
r e s i s t a n c e s  w ere  n e g l i g i b l e .  The c o n n e c t i o n s ,  e x c e p t  t h o s e  
l e a d i n g  d i r e c t l y  t o  t h e  c e l l ,  were  made up o f  ’ one  e i g h t h  i n c h *  
copper  w i r e ,  c o n n e c t i o n  t o  t h e  c e l l  was made by t a k i n g  l e a d s  
from t h e  e l e c t r o d e s  t o  two m ercu ry  c u p s  s u p p o r t e d  on t h e  
t h e r m o s t a t ;  t h e  c o n n e c t i n g  w i r e s  f r o m  t h e  b r i d g e  a l s o  d i p p e d  
i n t o  t h e s e ,  t h u s  h e a t  e x c h a n g e  t o  t h e  room from t h e  c e l l  
throu gh  t h e  l e a d s  was p r e v e n t e d .  A l l  t h e  c o n n e c t i o n s  w ere  
kept  s c r u p u l o u s l y  c l e a n ,  t h o s e  d i p p i n g  i n t o  m e r cu ry  b e i n g
amalgam ated b y  t r e a t i n g  s u c c e s s i v e l y  w i t h  s t r o n g  n i t r i c  a c i d ,  
and m e r cu ro u s  n i t r a t e  s o l u t i o n .
( c )  CALIBRATION OF BRIDGE WIRE:
The b r i d g e  w i r e  may be c a l i b r a t e d  by  th e  method o f  
29S t r o u h a l  and B a ru s  and a c o r r e c t i o n  c u r v e  drawn f o r  t h e  
whole  l e n g t h  o f  t h e  w i r e .  In  p r a c t i c e ,  h o w e v e r ,  i t  i s  
a lw a y s  p o s s i b l e  t o  a d j u s t  t h e  r e s i s t a n c e  i n  t h e  b r i d g e ,  so  t h a t
th e  b r i d g e  r e a d i n g  w i l l  l i e  n e a r  t h e  c e n t r e  o f  t h e  w i r e .  T h i s
f a c i l i t a t e s  t h e  c a l i b r a t i o n ;  one n e e d s  o n l y  to c a l i b r a t e  a 
c o m p a r a t i v e l y  s m a l l  p a r t  o f  t h e  w i r e  i n  t h e  n e i g h b o u r h o o d  o f
the  c e n t r e  p o i n t .  T h i s  c a l i b r a t i o n  o f  t h e  b r i d g e  w i r e  i s  f u l l y
d e s c r i b e d  by  D a v i e s  • The s t a n d a r d  r e s i s t a n c e  box  b e i n g  
b a l a n c e d  a g a i n s t  a s e c o n d  b ox  p l a c e d  i n  t h e  c e l l  p o s i t i o n .
With r e s i s t a n c e s  o f  800 ohms t a k e n  o u t  o f  e a c h  b o x ,  t h e  b a l a n c e  
p o i n t s  o b t a i n e d  f o r  t h e  two p o s i t i o n s  o f  t h e  com m u tator  were  
c o i n c i d e n t ,  w h ic h  i n d i c a t e d  t h e  two r e s i s t a n c e s  were  e x a c t l y  
e q u a l  and t h a t  t h e  b r i d g e  r e a d i n g  c o u l d  be t a k e n  a s  t h e  t r u e  
c e n t r e  o f  t h e  b r i d g e  w i r e .  The r e s i s t a n c e  i n  t h e  s t a n d a r d  
r e s i s t a n c e  b o x  was  i n c r e a s e d  b y  one ohm e a c h  t i m e ;  b r i d g e  
r e a d i n g s  were  n o t e d  c o r r e s p o n d i n g  t o  t h e  r a t i o  8 0 1 / 8 0 0 ;
8 0 2 / 8 0 0  . . . . . . .  e t c . ,  on e i t h e r  s i d e  o f  t h e  b r i d g e  c e n t r e .
C a l i b r a t i o n  o f  t h e  b r i d g e  w i r e  was  c a r r i e d  o u t  in  t h e  r a n g e  o f
151 ohms t o  8 0 0 0  ohms. I t  was  fo u n d  t h a t  i f  Ri and R2 were  
th e  v a l u e s  o f  t h e  r e s i s t a n c e s  and th e  d i s t a n c e  i n  cm b e t w e e n  
the  two b r i d g e  r e a d i n g s  an e m p i r i c a l  e q u a t i o n  f o r  t h e  b e s t  
s t r a i g h t  l i n e  p a s s i n g  t h r o u g h  t h e  o r i g i n  was -
l o g  — ■= 0 . 0 0 0 7 3  A  ................... ( ! )
This  was f o u n d  t o  h o l d  f o r  any v a l u e  o f  w h ic h  i s  l e s s  th a n  
10 cm. The a v e r a g e  d e v i a t i o n  b e t w e e n  t h e  p r a c t i c a l  and  
c a l c u l a t e d  v a l u e  o f  b e i n g  +_ 0 . 0 2  cm. T h is  f o r m u l a  c o u l d
produce  a c c u r a g e  v a l u e s  o f  a t  l e a s t  1 i n  1 0 , 0 0 0 .
P r o f e s s o r  D a v i e s  u s e d  t h e  f o r m u l a  w i t h  t h e  s l o p e  v a l u e  o f  
0 . 0 0 0 7 2  f o r  h i s  work on t h e  same b r i d g e .  The D a v i e s  f o r m u l a  -
l o g  |  = 0 . 0 0 0 7 2 x ..............................................................  ( 2 )
was f u r t h e r  a d o p t e d  by Dr. James f o r  h i s  work on c o n d u c t i v i t y  
m e a su r em e n t s ,  when he u s e d  t h e  same b r i d g e .  The v a l u e s  o f  
an unknown r e s i s t a n c e  c o u l d  be  e a s i l y  o b t a i n e d  by  s u b s t i t u t i n g  
the v a l u e s  o f  Rl and ^  i n  t h e  f i r s t  f o r m u l a .
( d )  TEMPERATURE CONTROL:
A d e g r e e  o f  a c c u r a c y  o f  2 i n  1 0 , 0 0 0 ,  w h ic h  i s  t h a t  
aimed a t  i n  t h e s e  m e a s u r e m e n t s ,  r e q u i r e d  t e m p e r a t u r e  c o n t r o l  
to b e t t e r  th a n  0 . 0 1 ° C .  The p o s s i b l e  h e a t  i n t e r c h a n g e  on a 
c o n s i d e r a b l e  s c a l e  t h a t  i s  t a k i n g  p l a c e  t h r o u g h  t h e  c o n n e c t i n g  
w i r e s  and b r i d g e ,  b e t w e e n  t h e  c e l l  e l e c t r o d e s  and t h e  a t m o s p h e r e
o f  t h e  l a b o r a t o r y  was  p r e v e n t e d  by t a k i n g  l e a d s  fro m  t h e  
e l e c t r o d e s  t o  two m ercu ry  c u p s  r e s t i n g  i n  t h e  w a t e r  o f  t h e  j ' !
t h e r m o s t a t  and d i p p i n g  t h e  c o n n e c t i n g  w i r e s  from  t h e  b r i d g e  
i n t o  t h e s e *  The t e n d e n c y  o f  s o l v e n t  t o  c o n d e n s e  on t h e  e x p o s e d  
p o r t i o n  o f  t h e  c e l l  was  m i n i m i s e d  by w o r k i n g  a t  a room  
t e m p e r a t u r e  a s  c l o s e  a s  p o s s i b l e  t o  t h e  t e m p e r a t u r e  o f  t h e  
t h e r m o s t a t .  T h i s  w o r k i n g  t e m p e r a t u r e  w as  h e l p f u l  f u r t h e r  in  
g e t t i n g  e q u i l i b r i u m  t e m p e r a t u r e  a f t e r  f i l l i n g  f u r t h e r  q u a n t i t i e s  s 
of  s o l u t i o n .  As f a r  a s  p o s s i b l e  a c o n s t a n t  room t e m p e r a t u r e  
was m a i n t a i n e d  t o  a v o i d  t h e  d a n g er  o f  t h e r m o e l e c t r i c  e f f e c t s  
a r i s i n g  a t  t h e  v a r i o u s  m e t a l  J u n c t i o n s .  A c c u r a t e  m e a s u r e m e n t s  1 
can o n l y  be made i f  t h e  r e s i s t a n c e  o f  t h e  com ponent  p a r t s  o f  l!
the  b r i d g e  a r e  u n a f f e c t e d  by  t e m p e r a t u r e  v a r i a t i o n .
The c e l l  was  s u p p o r t e d  i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  
b ath  c o n s i s t i n g  o f  a g l a s s  w a l l e d  t a n k .  The l i q u i d  o f  t h e  b a t h  
was d i s t i l l e d  w a t e r .  The t e m p e r a t u r e  o f  t h e  b a t h  was  c o n t r o l l e d
j
by a t o l u e n e  m e r c u r y  s p i r a l  r e g u l a t o r  w h ic h  o p e r a t e d  t h e  h e a t i n g  
lamp t h r o u g h  a r e l a y .  S t i r r i n g  was e f f e c t e d  by means o f  a 
double  p a d d l e .  No t e m p e r a t u r e  v a r i a t i o n  b e t w e e n  d i f f e r e n t  I
p o i n t s  i n  t h e  t h e r m o s t a t  b e i n g  d e t e c t a b l e  w i t h  a Beckmann j
th er m o m e te r .  The t e m p e r a t u r e  o f  t h e  b a t h  was m a i n t a i n e d  a t
O C O /•* Q
+ 0 . 0 0 5  C. E f f i c i e n t  t e m p e r a t u r e  c o n t r o l  w as  n e c e s s a r y  
as  t h e  t e m p e r a t u r e  c o e f f i c i e n t  o f  c o n d u c t i v i t y  o f  m ost  s o l u t i o n s
i s  a b o u t  2 $  p e r  d e g r e e  c e n t i g r a d e  and a c c u r a c y  was a im ed a t  
0 . 0 2 $ .  The th e r m o m e te r  u s e d  was an N . P . L .  c a l i b r a t e d  
i n s t r u m e n t  and was r e c a l i b r a t e d  and f o u n d  t o  be c o r r e c t  d u r i n g  
the  c o u r s e  o f  t h i s  w ork .
( e )  WEIGHT MEASUREMENTS:
Two b a l a n c e s  were  u s e d  , an o e r t l i n g  b a l a n c e  s e n s i t i v e
t o  0 . 1  m .gm .  f o r  l o a d s  n o t  e x c e e d i n g  100  gms and a l a r g e r
b a l a n c e  s e n s i t i v e  t o  1 m.gm. f o r  l o a d s  up t o  2 k g .  W e i g h t s
31
c a l i b r a t e d  by  t h e  method o f  R i c h a r d s  were  u s e d .
( f )  PREPARATION OF CONDUCTIVITY WATER:
31James p r e p a r e d  c o n d u c t i v i t y  w a t e r  from  a s t i l l  o f  t h e
32t y p e  d e s c r i b e d  b y  B o u r d i l l o n  and m o d i f i e d  by B en gough ,
S t u a r t  and Le^^.
A l l  c o n d u c t i v i t y  m e a s u r e m e n t s ,  e x c e p t i n g  t w o ,  were  made 
a t  h i g h e r  c o n c e n t r a t i o n s  t h a n  James* h i g h e s t  v a l u e  o f  
C = 5 7 8 . 4  x  1 0 *"kg-equiv  At t h e s e  h i g h  c o n c e n t r a t i o n s
b o i l e d  o u t  d e —i o n i s e d  d i s t i l l e d  w a te r  c o u l d  be u s e d  w i t h o u t  
any s o l v e n t  c o r r e c t i o n .  T h i s  was known from a s e p a r a t e  
e x p e r i m e n t .  B o i l e d  o u t  d e - i o n i s e d  d i s t i l l e d  w a t e r  when h o t  
was s t o r e d  i n  a 5 —l i t r e  b o t t l e  f i t t e d  w i t h  a s o d a - l i m e  guard  
t o w e r .  T h i s  w a t e r  had n e g l i g i b l y  s m a l l  co n d u c t i v i t y .
4 3 .
( g )  CONDUCTIVITY CELL; |
A c e l l  o f  t h e  im p ro v e d  fo r m  o f  t h e  s a t u r a t o r  t y p e  o f
3 5 3 6B r^ n s te d  and LaMer , d e s c r i b e d  by  Money and D a v i e s  , was
u s e d ,  F i g ,  4  • I t  was i n  t h e  fo r m  o f  a U t u b e ,  one arm o f  |
w hich  c o n s i s t s  o f  a s a t u r a t i n g  co lumn t e r m i n a t i n g  i n  a s i n t e r e d  
g l a s s  d i s c  su rm ou n ted  by  a s p h e r i c a l  r e s e r v o i r  f i t t e d  w i t h  a
I j
g l a s s  s t o p p e r .  The o t h e r  arm c o n s i s t s  o f  a c y l i n d e r i c a l  'i
i
c o l l e c t i n g  t u b e  c o n n e c t e d  to  t h e  s a t u r a t i n g  co lumn by a !!|
'!:l
c a p i l l a r y  t u b e .  The c o l l e c t i n g  tu b e  c o n t a i n e d  v e r t i c a l  j |
r 1
p l a t i n u m  e l e c t r o d e s  p o s i t i o n e d  n e a r  t h e  to p  and b o t to m  o f  t h e  j
f i
t u b e .  The c o l l e c t i n g  tu b e  was a l s o  surm ounted by a s p h e r i c a l  J
r e s e r v o i r  f i t t e d  w i t h  a g l a s s  s t o p p e r .  The c e l l  was c o n s t r u c t e d  f
f,
in  b o r o —s i l i o a t e  g l a s s ,  and t h e  e l e c t r o d e s  were  p l a t i n u m  b l a c k  I
c o a t e d .  The c a p a c i t y  o f  t h e  c o l l e c t i n g  tu be  was a b o u t  1 5 0 m l ,  ij
f\ ;
T h i s  c e l l  h a s  an a d v a n t a g e  o v e r  t h e  c e l l  m e n t io n e d  by  f1 
D a v ie s  and J a m e s ,  when i t  i s  r e q u i r e d  t o  m easure  t h e  c o n d u c t i v i t y  Jj 
of  a s a t u r a t e d  s o l u t i o n  a t  any d e s i r e d  t e m p e r a t u r e ;  w i t h  t h e  j
arran gem en t  o f  a s a t u r a t i n g  co lumn i n  t h e  same a p p a r a t u s  t h e  j
e r r o r s  c a u s e d  i n  t r a n s f e r r i n g  t h e  s a t u r a t e d  s o l u t i o n  from  a j
s a t u r a t o r  t o  t h e  c o n d u c t i v i t y  c e l l  c o u l d  be a v o i d e d .  The c e l l  
wag o n l y  u s e d  t o  m e a su r e  t h e  c o n d u c t i v i t y  a t  h i g h  c o n c e n t r a t i o n s ,  I 
where t h e  s o l v e n t  c o r r e c t i o n  and any p o s s i b l e  e f f e c t  on t h i s  |
o f  a t m o s p h e r i c  c o n t a m i n a t i o n  i s  n e g l i g i b l e ,  j
( 3 )  DETERMINATION OF CELL CONSTANT;
B.D.H* A n a la r  p o t a s s i u m  c h l o r i d e  was u s e d  i n  
d e t e r m i n i n g  t h e  c e l l  c o n s t a n t *  The p o t a s s i u m  c h l o r i d e  sample  
was r e c r y s t a l l i s e d  t w i c e  and d r i e d  a t  1 0 0 ° C .  The c r y s t a l s  
were f i n a l l y  h e a t e d  t o  d u l l  r e d n e s s  i n  A p l a t i n u m  d i s h ,  w h ic h  
was th en  a l l o w e d  t o  c o o l  i n  a d e s i c a t o r .  The sample t h u s  
p r e p a r ed  was n e u t r a l  t o  i n d i c a t o r s *
The c e l l  was  s t a n d a r d i z e d  by  t h e  method o f  J o n e s  and
37Bradshow * Two s t a n d a r d  s o l u t i o n s  o f  0*1D and 0 .0 1 D  were  
p r e p a r ed  u s i n g  t h e  v a l u e  o f  J o n e s  and Bradshow* The u s u a l  
method and t e c h n i q u e s ,  w h ic h  are  m e n t io n e d  under  c a l i b r a t i o n  
o f  t h e  b r i d g e  w i r e s ,  were  a d o p t e d  i n  d e t e r m i n i n g  t h e  r e s i s t a n c e  
of  th e  s t a n d a r d  s o l u t i o n s *  The s t a n d a r d  r e s i s t a n c e  b ox  was  
r e p l a c e d  by t h e  c e l l .  From known c o n c e n t r a t i o n ,  r e s i s t a n c e ,  
and t h e  s p e c i f i c  c o n d u c t i v i t y  o f  e a c h  o f  t h e  s t a n d a r d  s o l u t i o n  
i t  was p o s s i b l e  t o  c a l c u l a t e  t h e  c e l l  c o n s t a n t *
M  CONDUCTIVITY MEASUREMENTS OF LANTHANUM FERRICYANIDES-
( a )  PREPARATION OF THE STOCK SOLUTION:
A w e i g h e d  q u a n t i t y  o f  t h e  h y d r a t e d  s a l t  was  
i n t r o d u c e d  i n t o  a c l e a n  d r i e d  c a l i b r a t e d  1000ml f l a s k .  About  
500ml o f  c o n d u c t i v i t y  w a t e r  was th e n  run i n t o  t h e  f l a s k  s l o w l y  
F i n a l l y ,  t h e  s o l u t i o n  was made up t o  t h e  mark. E x a c t
c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  was t h e n  known by  e s t i m a t i n g  t h e
- 3fe (C N )^  c o n t e n t .
o o  MEASUREMENTS:
The c o n d u c t i v i t y  c e l l  was r i n s e d  s e v e r a l  t i m e s  w i t h  
the  s t o c k  s o l u t i o n .  The c e l l  was  t h e n  f i l l e d  w i t h  t h e  
e l e c t r o l y t e .  S p e c i a l  c a r e  was t a k e n  t o  s e e  t h a t  b o t h  
e l e c t r o d e s  were  p r o p e r l y  d i p p e d  i n  t h e  s o l u t i o n  and no b u b b l e s  
o f  t h e  e x p e l l e d  a i r  s e p a r a t i n g  on t h e  e l e c t r o d e s  were  f o r m e d ,  
as t h e  l i q u i d  i n  t h e  c e l l  was warmed. The c e l l  was shaken  
g e n t l y  a t  i n t e r v a l s  and n o r m a l l y  came t o  e q u i l i b r i u m  w i t h  t h e  
t e m p e r a t u r e  o f  t h e  t h e r m o s t a t  w i t h i n  an h o u r .  A f t e r  a d j u s t m e n t  
o f  th e  c o n d e n s e r ,  t h e  p r o c e d u r e  a d o p t e d  w i t h  e a c h  r e s i s t a n c e  
measurement was t o  s e t  t h e  b ox  a t  a v a l u e  c l o s e  t o  t h e  
r e s i s t a n c e  o f  t h e  c e l l ,  and t o  d e t e r m i n e  t h e  two n u l l  p o i n t s  
f o r  t h e  two p o s i t i o n s  o f  t h e  c o m m u ta to r .  T h i s  was t h e n  
r e p e a t e d  f o r  f o u r  more s e t t i n g s  o f  t h e  r e s i s t a n c e  b o x ,  e a c h  a t  
an i n t e r v a l  o f  an h o u r .  A f r e q u e n c y  o f  1 5 0 0  c y c l e s  was  
n o r m a l l y  u s e d .
TABLE 3
EQUIVALENT CONDUCTANCES OE 
LANTHANUM EERRICYANILE AT 2 5°C
CXI (A  A
8 0 . 1 7 8 0  5 9 . 8 9 0
314*. 2 2 0 0  4 8 . 4 2 6
5 4 5 . 8 6 0 0  4 6 . 2 6 3
6 0 2 . 0 0 0 0  4 5 . 9 4 7
7 8 3 . 0 0 0 0  4 5 . 3 1 8
8 5 5 . 3 8 7 0  4 5 . 3 0 7
1 0 0 0 . 9 4 2 7  4 5 . 3 2 9
1 1 8 8 . 5 7 0 0  4 5 . 3 4 2
1 5 8 2 . 0 1 2 0  4 5 . 5 2 0
2 1 5 2 . 7 0 0 0  4 5 . 5 6 0
2 1 7 9 .OOOO 4 5 . 4 2 0
4 7 .
F I G . 4 .  C O N D U C T I V I T Y  C E L L .
( b R ^ N S T E D  -  DA VI ES  S A T U R A T O R  T YPE )
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CELL
(D) OSMOMETRIC MEASUREMENTS 4 8 .
(1 )  INTRODUCTION;
The t h e r m o e l e c t r i c  d i f f e r e n t i a l  v a p o u r  p r e s s u r e  method
58was f i r s t  d e s c r i b e d  by H i l l  • I t  was n o t  w i d e l y  u s e d  u n t i l  t h e  
d e v e lo p m e n t  o f  c o n v e n i e n t  means o f  m e a s u r i n g  s m a l l  t e m p e r a t u r e
59d i f f e r e n c e s  became a v a i l a b l e .  B ra d y ,  H u f f  and McBair u s e d  
t h e r m i s t o r s  i n  an a p p a r a t u s  o f  t h i s  t y p e  and p r o c e e d e d  to  
d e te r m in e  s o l u t i o n  p r o p e r t i e s  o f  s u r f a c e  a c t i v e  s o l u t i o n s .
S e v e r a l  w o r k e r s  t h e n  u s e d  t h i s  new d e v i c e  i n  t h e  d e t e r m i n a t i o n
4 0 ,4 1 ,4 - 2  
o f  m o l e c u l a r  w e i g h t  •
One o f  t h e  g r e a t  a s s e t s  o f  t h e  v a p o u r  p r e s s u r e
osmometer i s  t h a t  i t  w orks  w i t h  v i r t u a l l y  any s o l v e n t .
E x p e r i m e n t a l  e v i d e n c e  shows t h a t  a d e f i n i t e  c o r r e l a t i o n  e x i s t s
t
b etw een  t h e  o b s e r v a t i o n  and  th erm od ynam ic  s o l u t i o n  p r o p e r t i e s .  
V a l i d i t y  o f  t h e  o s m o t i c  method f o r  d e t e r m i n i n g  o s m o t i c
45c o e f f i c i e n t s  i n  w a t e r  was d e m o n s t r a t e d  by  D av id  E. Burge .
Having d e t e r m i n e d  t h e  o s m o t i c  c o e f f i c i e n t s  f o r  a s o l u t i o n  i t  i s
p o s s i b l e  t o  d e t e r m i n e  t h e  a c t i v i t y  c o e f f i c i e n t s  f o r  t h e  s o l u t e
4 4
th rou gh  t h e  u s e  o f  G-ibbs-Duhem e q u a t i o n .
( 2 ) OPERATIONAL BEHAVIOUR OF THE INSTRUMENT;
A m e c h r o la b  v a p o u r  p r e s s u r e  osmometer,  model 301A,  
was u s e d .  I t  w orks  on t h e  p r i n c i p l e  o f  vapour  p r e s s u r e  l o w e r i n g  
A s o l u t i o n  o f  an y  g i v e n  s o l v e n t  w i l l  a l w a y s  h a v e  a l o w e r  v a p o u r  
p r e s s u r e  th a n  t h e  p u r e  s o l v e n t .  In  t h e  model  301A,  two 
t h e r m i s t o r  b e a d s  f o r m i n g  two arms o f  a w h e a t s t o n e  b r i d g e  are
su sp en d ed  i n  a s a t u r a t e d  s o l v e n t  a t m o sp h e r e  i n  a chamber whose  |
t e m p e r a t u r e  i s  v e r y  c a r e f u l l y  c o n t r o l l e d .  The b r i d g e  i s  i!
b a l a n c e d  w i t h  s o l v e n t  d r o p s  on b o t h  b e a d s  and t h e n  t h e  s o l v e n t  j !
I.
on one b e a d  i s  r e p l a c e d  by  a drop o f  s o l u t i o n .  C o n d e n s a t i o n  §j!
from t h e  s a t u r a t e d  a t m o s p h e r e  warms t h e  b ead  t h u s  c h a n g i n g  i t s  j
r e s i s t a n c e  and u n b a l a n c i n g  t h e  b r i d g e .  The e x p e r i m e n t a l l y  j
o b s e r v e d  q u a n t i t y  i s  t h e  amount o f  r e s i s t a n c e  c h a n g e  r e q u i r e d  \
t o  r e b a l a n c e  t h e  b r i d g e  w h ic h  can be  r e l a t e d  t o  t h e  t e m p e r a t u r e  j
I
change o f  t h e  b e a d .  T h i s  t e m p e r a t u r e  change  i n  t u r n  i s  ?
r e l a t e d  t o  t h e  p r o p e r t i e s  o f  t h e  s o l u t i o n .  The t e m p e r a t u r e
}
change  w h i c h  i s  p r o p o r t i o n a l  t o  t h e  vapou r  p r e s s u r e  l o w e r i n g  ]
i s  p r o p o r t i o n a l  t o  t h e  s o l v e n t s  a c t i v i t y  i n  t h e  s o l u t i o n .  Prom 
a s e r i e s  o f  r e a d i n g s  a t  d i f f e r e n t  c o n c e n t r a t i o n s ,  t h e r e f o r e ,  !
the  a c t i v i t y  o f  t h e  s o l u t e  c o u l d  be d e r i v e d .  The method was  
c h e c k e d  w i t h  a s e r i e s  o f  KC1 s o l u t i o n s  and t h e n  a p p l i e d  t o  * 
s o l u t i o n s  o f  la n t h a n u m  f e r r i c y a n i d e .
( 3 )  THE APPARATUS:
I t  c o n s i s t s  o f  two p r i n c i p a l  u n i t s  on a common b a s e ,
( l )  The sa m p le  cham b er:  A ss e m b ly  c o m p r i s i n g  t h e  sample  chamber
w i t h  i t s  s u r r o u n d i n g  t h e r m a l  b l o c k  p o s i t i o n e d  i n  and a t t a c h e d  
t o  t h e  u p p er  h o u s i n g  b y  a t h i c k  i n s u l a t i n g  l a y e r  o f  r i g i d  
u r e t h a n e  foam* P r e c i s e  m a c h i n i n g  p r o v i d e s  o p e n i n g s  i n t o  t h e  
sample chamber f o r  t h e  t h e r m i s t o r  p r o b e ,  s i x  s y r i n g e  a s s e m b l i e s ,
and a v i e w i n g  p a th *  A n o th e r  o p e n i n g  p e r m i t s  i n s e r t i o n  i n t o  t h e  J 
th er m a l  b l o c k  o f  i n t e r c h a n g e a b l e  m ercu ry  t h e r m o s t a t s  t o  th e  
d e s i r e d  t e m p e r a t u r e .  ( 2 )  The c o n t r o l  u n i t  c o n t a i n s  a l l  |
I
c i r c u i t r y  r e q u i r e d  f o r  o p e r a t i o n  o f  t h e  i n s t r u m e n t .  T h i s  u n i t  j 
has  a D.C. w h e a t s t o n e  b r i d g e ,  a f r a c t i o n a l  m i c r o v o l t  n u l l  
d e t e c t o r  and h e a t e r  c o n t r o l  c i r c u i t .
(4 )  MATERIAL AND PREPARATION OF SOLUTIONS: 1
The i n s t r u m e n t  w as  c a l i b r a t e d  w i t h  a s e r i e s  o f  |
p o t a s s i u m  c h l o r i d e  s o l u t i o n s  o f  known m olar  c o n c e n t r a t i o n s .
From t h e s e  r e s u l t  a c a l i b r a t i o n  curve  was c o n s t r u c t e d  f o r  
c o n v e r t i n g  t h e  o b s e r v e d  r e s i s t a n c e  c h a n g e s  i n t o  o s m o t i c
!
c o e f f i c i e n t s .  A s e r i e s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e
lanthanum  f e r r i c y a n i d e  h y d r a t e d  sample  s t u d i e d  i n  t h e  p r e v i o u s
c h a p t e r s  was  a l s o  p r e p a r e d .  Each o f  t h e  s o l u t i o n s  was
e s t i m a t e d  f o r  F e ( C N ) ^  c o n t e n t  and t h e  c o n c e n t r a t i o n  was
—3
c a l c u l a t e d  on t h e  b a s i s  o f  t h i s  Fe(CN)^ c o n t e n t .
( 5 )  MEASUREMENTS:
P r e p a r a t i o n  o f  t h e  sample  chamber:  The s o l v e n t  cup
was r i n s e d  s e v e r a l  t i m e s  w i t h  t h e  d e i o n i s e d  d i s t i l l e d  w a t e r  
used i n  t h e  p r e p a r a t i o n  o f  t h e  s o l u t i o n s .  The cup was t h e n  
f i l l e d  w i t h  t h e  s o l v e n t  up t o  t h e ' O  shaped  c u t s  i n  t h e  i n n e r  
wick and p l a c e d  i n  t h e  cham b er .  The t h e r m o s t a t  was th e n
s w i t c h e d  on and t h e  a p p a r a t u s  w as  l e f t  o v e r n i g h t .  A l l  t h e  
s i x  s y r i n g e s  were  r i n s e d  t h o r o u g h l y  w i t h  t h e  s o l v e n t  to  be  u s e d .
i  ) '
The s y r i n g e s  f o r  g u i d e  t u b e s  -^-.5 and w ere  f i l l e d  w i t h  |l
s o l v e n t .  The s y r i n g e s  f o r  zfc- 1 t h r o u g h  4  were r i n s e d ,  and j
f i n a l l y  f i l l e d  w i t h  t h e  s o l u t i o n s  t o  be u s e d .  T hese  were  j
a r r a n g e d  i n  o r d e r  o f  i n c r e a s i n g  c o n c e n t r a t i o n  t o  m in im is e
p o s s i b i l i t y  o f  c r o s s  c o n t a m i n a t i o n  e r r o r s .  A l l  t h e  s y r i n g e s  j
\
were i n s e r t e d  i n t o  t h e  t h e r m a l  b l o c k .  The t e m p e r a t u r e  s t a b i l i t y  i
was c h e c k e d  b y  t h e  f o l l o w i n g  o p e r a t i o n s ,  ( l )  N u l l  d e t e c t o r  was  
put on f o r  30  m i n u t e s  p r i o r  t o  m e a s u r e m e n t s .  ( 2 )  B r i d g e  on—o f f  
s w i t c h e d  t o  on p o s i t i o n ,  ( 3 )  &T—T s w i t c h e d  t o  T p o s i t i o n ,
(A) The z e r o  b u t t o n  was h e l d  and t h e  n e e d l e  c e n t r e d  on m e te r  11
w i th  z e r o  c o n t r o l .  The z e r o  b u t t o n  was  t h e n  r e l e a s e d ,
(3 )  T p o t e n t i o m e t e r  knob was  r o t a t e d  u n t i l  t h e  n e e d l e  was n e a r  th e  
c e n t r e  o f  t h e  s c a l e .  On l e a v i n g  t h e  a p p a r a t u s  f o r  a b o u t  
30 m i n u t e s  i t  was  fo u n d  t h a t  t h e  n e e d l e  d i d  n o t  d r i f t  more th a n  
8 sm a l l  d i v i s i o n s .  The a p p a r a t u s  was now r e a d y  f o r  m e a s u r e m e n t s .
The f o l l o w i n g  p r o c e d u r e  was a d o p t e d  f o r  c a l i b r a t i o n  
w it h  KC1 and f o r  t h e  s t u d y  o f  LaFe(CN)^ s o l u t i o n s * -
( l ) A T - T  s w i t c h e d  to  £1 T p o s i t i o n .  ( 2 )  A T  d e c a d e  
r e s i s t a n c e  d i a l s  were  s e t  t o  z e r o ,  ( 3 )  Both b e a d s  had s o l v e n t  
&rops s t a r t i n g  w i t h ,  ( 4 )  H o l d i n g  z e r o  b u t t o n  c e n t r e d  t h e  j:
n e e d le  w i t h  z e r o  c o n t r o l  and r e l e a s e d  t h e  b u t t o n .  ( 6 )  C e n tr e d  j'
the n e e d l e  u n t i l  S t a b l e .  ( 7 ) R e p e a t i n g  w i t h  a n o t h e r  drop o f  
s o l v e n t  f t om ^ 6 good  r e f e r e n c e  was o b t a i n e d .
I n  c a s e  o f  KC1 when d z  1 t o ^ b 4  s y r i n g e s  are  f i l l e d  
w i t h  d i f f e r e n t  known c o n c e n t r a t i o n  o f  KC1 s o l u t i o n s  and i n  
c a se  o f  LaFe(C N )^ ,  when p r e v i o u s l y  known c o n c e n t r a t i o n s  o f  
LaFe(CN)g w ere  f i l l e d  i n  t h e  s y r i n g e s  z f z l  t o  r±:4 ,  t h e  f o l l o w i n g  
p r o c e d u r e  was  f o l l o w e d : -
( l ) d £ l  s y r i n g e  was  l o w e r e d  and t h e  b e a d  was r i n s e d  w i t h  s e v e r a l  
drops o f  t h e  s o l u t i o n ,  and a drop o f  i t  was s u s p e n d e d .  A 
s to p  w a tc h  was i m m e d i a t e l y  s t a r t e d .  A f t e r  a m in u t e  z e r o  was  
c h eck ed  w i t h  h o l d i n g  z e r o  b u t t o n ;  2 —3 and 4  m i n u t e s  r e a d i n g s  
were t a k e n  w i t h  t h e  h e l p  o f  A R  d e c a d e  d i a l s .  The same 
p r o c ed u r e  was  r e p e a t e d  t w i c e  w i t h  a n o t h e r  drop from  t h e  
s y r i n g e  £ - 1 .  In  t h e  same way r e a d i n g s  o f  d i f f e r e n t  c o n c e n t r a t e d  
s o l u t i o n  fro m  t h e  r e m a i n i n g  s y r i n g e s  were  t a k e n .
LIMITATIONS: PRECISION: ACCURACY AND SENSITIVITY:
C o n c e n t r a t i o n s  b e tw e e n  0 . 0 0 5  and 0 . 2  m olar  are  
o p t i o n a l .  At h i g h e r  c o n c e n t r a t i o n s  c o n d e n s a t i o n  may c a u s e  
c o n c e n t r a t i o n  s h i f t s  and a t  l o w e r  c o n c e n t r a t i o n s  r e p r o d u c t i b i l i t y  
i s  r e d u c e d .  The a p p a r a t u s  was d e s i g n e d  t o  r e a d  0 . 0 0 0 2 ° C  or  
b e t t e r .  The n u l l d e t e c t o r  i n  t h e  m odel  301A p e r m i t s  t h e  
measurement o f  r e s i s t a n c e  c h a n g e s  t o  t h e  n e a r e s t  0 . 0 1  ohms.
R e p r o d u c i b i l i t y  o f  r e p e t i t i v e  r e a d i n g s  i s  b e t t e r  th a n  1% .
The a c c u r a c y  o f  r e s u l t s  o b t a i n e d  w i t h  t h e  i n s t r u m e n t  d e p e n d s  
on t h e  m o l e c u l a r  w e i g h t  o f  t h e  s o l u t e ,  and on t h e  s o l v e n t  u s e d .  
With a q u e o u s  s o l u t i o n  s ,  t h e  h igh  la t  e n t  heat  of vapour of w a t e r  r e d u c e s  
the  s e n s i t i v i t y ;  b u t  w i t h  a d i s s o c i a t i n g  s u b s t a n c e  o f  f a i r l y  
low m o l e c u l a r  w e i g h t ,  s u c h  a s  LaFe(CN)^ i t  i s  b e l i e v e d  t h a t  a 
p r e c i s i o n  o f  a p p r o x i m a t e l y  1% can be a t t a i n e d .
TABLE 4
CALIBRATION WITH POTASSIUM CHLORIDE
Run m (M oles  p e r  L i t r e ) ^  a 2 a r 3 4
A 0 . 0 0 1 3 8 1 0 . 1 5 0 . 1 4 0 . 1 1
B 0 . 0 0 2 8 1 6 0 . 1 7 0 . 1 4 0 . 1 2
C 0 . 0 0 8 5 8 3 1 . 2 5 1 . 1 8 1 . 1 4
D 0 . 0 1 2 4 7 1 . 5 0 1 . 4 6 1 . 4 2
E 0 . 0 1 3 5 4 1 . 5 3 1 . 4 6 1 . 4 3
F 0 . 0 4 9 4 9 5 . 6 5 5 . 5 9 5 . 5 3
G 0 . 0 7 2 5 6 8 . 4 2 8 . 3 2 8 . 2 7
- H 0 . 1 0 1 3 1 2 . 1 5 1 2 . 0 8 1 2 . 0 1
&.R2 ,^Rj  and£R^ r e f e r  t o  r e a d i n g s  t a k e n  a f t e r  2 ,  3 and 4  
m i n u t e s ,  2 —m in u t e  v a l u e s  w ere  a d o p t e d  f o r  a l l  l a t e r  work#
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TABLE 5
TWO MlMUTE VALUES FOR LAMTHAMUM EERRICYANIEE SOLUTIONS 
(SUPERSATURATED SAMPLE)
M (MOLES PER LITRE) A  R
0 . 0 2 6 9 0  1 . 9 2
0 . 0 4 6 0 3  3 . 2 7 5
0 . 0 4 6 5 4  3 . 7 6 5
0 . 0 6 7 5 4  5 . 2 3
0 . 0 7 3 7 9  4 . 9 7 5
0 . 0 7 8 9 0  5 . 5 8
0 . 0 8 4 0 1  5 . 2 4
0 . 0 9 4 2 4  6 . 3 4 5
0 . 1 0 2 2  7 . 6 1 5
0 . 1 3 2 2  9 . 8 4 5
0 . 1 4 3 9  9 . 5 9
0 . 2 1 1 1  1 4 . 6 7
TABLE 6
TWO MINUTE VALUES FOR LANTHANUM FERRICYANIDE
SOLUTIONS
(HYDRATED SALT)
RUN M(MOLES PER LITRE)
A 0 . 0 0 1 7 0 1 0 . 2 7
0 . 0 0 6 1 6 7 0 . 5 6
0 . 0 1 4 7 2 1 . 1 0
0 . 0 2 0 4 5 1 . 6 1 5
0 . 0 3 7 0 5 2 . 5 5 5
0 . 0 6 0 1 3 3 . 8 0
0 . 0 6 6 2 1 4 . 1 1
B 0 . 0 0 2 5 3 9 0 . 3 2 5
0 . 0 0 9 1 6 1 0 . 7 8 5
0 . 0 1 7 0 6 1 . 2 9
0 . 0 2 6 1 4 1 . 8 1
0 . 0 3 7 6 6 2 . 4 8
0 . 0 4 4 6 9 2 . 9 0 5
c 0 . 0 1 2 0 5 1 . 0 0
0 . 0 2 2 3 6 1 . 6 3 5
0 . 0 2 3 9 6 1 . 8 3
0 . 0 5 5 1 6 3 . 4 4 5
0 . 0 5 9 6 9 3 . 5 9
0 . 0 6 7 8 0 4 . 0 2
0 . 0 7 3 8 6 4 . 3 4 5
0 . 0 7 7 4 3 4 . 5 8 5
0 . 0 7 7 5 9 4 . 6 2 5
0 . 0 7 9 3 4 4 . 6 3 5
0 . 0 8 0 1 5 4 . 8 1 5
( e ) s p e c t r o p h o t o m e t r ic  m easu r em en ts
(1 )  INTRODUCTION:
C o m p l e t e l y  d i s s o c i a t e d  e l e c t r o l y t e s  show no c h a n g e  i n
the l i g h t  a b s o r p t i o n ,  when m e a s u r e m e n t s  a r e  made a t  d i f f e r e n t
c o n c e n t r a t i o n s .  The a d v e n t  o f  t h e  modern s p e c t r o p h o t o m e t e r  h a s
l e d  t o  a g r e a t l y  i n c r e a s e d  u s e  o f  o p t i c a l  p r o p e r t i e s  i n  r e c e n t  
45y e a r s  , and h a s  e s t a b l i s h e d  t h e  s t u d y  o f  u l t r a v i o l e t  s p e c t r a  a s  
a f a i r l y  g e n e r a l  m ethod o f  i n v e s t i g a t i n g  i o n - p a i r  f o r m a t i o n .
The p r e s e n t  work on s p e c t r o p h o t o m e t r y  was e x p l o r a t o r y ;  t h e  main  
o b j e c t  o f  i t  was  t o  s e e  w h e t h e r  la n th a n u m  f e r r i c y a n i d e  i o n - p a i r s  
c o u ld  be  d e t e c t e d  and p e r h a p s  e s t i m a t e d  by  t h i s  m eth od .
(2 )  APPARATUS AND TECHNIQUES:
A u n ica m  S P . 5 0 0  u l t r a v i o l e t  and v i s i b l e  s p e c t r o p h o t o ­
meter was u s e d .  The two l i g h t  s o u r c e s  a r e  a h y d ro g e n  d i s c h a r g e  
lamp f o r  t h e  u l t r a v i o l e t  2 0 0 - 3 2 0  mp, r e g i o n ,  and t u n g s t e n  
f i l a m e n t  l a m p ,  f o r  t h e  v i s i b l e  r e g i o n  3 2 0  and a b o v e .  The
SP.500 e m p lo y s  a q u a r t z  p r i s m  o f  t h e  l i t t r o w  t y p e  w i t h  c o n c a v e  
m ir r o r .  The w a v e l e n g t h  s c a l e  r e a d i n g s  a r e  a c c u r a t e  t o  b e t t e r  
than 0 . 5  mp, , The two p h o t o c e l l s  w ere  a p p l i e d ,  a r e d  
s e n s i t i v e  p h o t o t u b e  f o r  t h e  u s e  above  600 ,  and b l u e
s e n s i t i v e  p h o t o t u b e  f o r  u s e  i n  t h e  r a n g e  3 2 0 —6 2 5 ^ ^  ( t u n g s t e n  
lamp) and 2 1 0 - 3 2 6  (H yd rogen  l a m p ) .  Two 1cm s i l i c a  c e l l s
were u s e d ,  one  f o r  s o l v e n t  and a n o t h e r  f o r  t h e  s o l u t i o n ,  o f  w h ic h  
the  m e a s u r e m e n t s  w ere  t o  he  made. 'While  p l a c i n g  t h e  c e l l  i n  
the  c e l l  com partm ent  c a r e  was t a k e n  t o  s e e  t h a t  t h e y  w ere  
p l a c e d  i n  e x a c t l y  t h e  same p o s i t i o n  e v e r y t i m e .  A lw ays  t h e  
same c e l l  was  u s e d  f o r  s o l v e n t  and s o l u t i o n .
(3 )  CELL CORRECTION:
T h i s  c o r r e c t i o n  was  a p p l i e d  f o r  a l l  t h e  m e a s u r e m e n t s ,  
f o r  t h i s  b o t h  c e l l s  w ere  f i l l e d  w i t h  s o l v e n t  and o p t i c a l  
m easu rem en ts  were  made i n  t h e  w h o le  r a n g e ,  i . e . ;  2 0 0 —4 5 0 W\M
(4 )  MATERIAL;
Lanthanum c h l o r i d e  a n a l y t i c a l l y  p u re  B.D.H. s a m p le ,  
K^Ee(CN)^ a n a l a r  r e c r y s t a l l i s e d  sample*
(5 )  MEASUREMENTS:
O p t i c a l  a b s o r p t i o n  o v e r  t h e  w h o le  w a v e l e n g t h  r a n g e  was  
o b t a i n e d  f o r  ( l )  a s e r i e s  o f  m i x t u r e s  o f  LaCl^ and K ^ P e (C N )g ,
(2 )  LaCl^ s o l u t i o n s  up t o  a c o n c e n t r a t i o n  0.1M.
5 9 .
TABLE S .( i )
OPTICAL DENSITIES OF LANTHANUM CHLORIDE
M(MOLES PER LITRE) d2 30 d2 25 D220 D215
0 . 1 0 . 0 3 8 0 . 0  AO 0 . 1 0 5 0 . 1 9
0 . 0 5 0 . 0 2 8 0 . 0 5 7 0 . 0 9 4 0 . 1 4 5
0 . 0 3 7 5 0 . 0 1 9 0 . 0 3 2 0 . 0 6 0 0 . 0 9 3
0 . 0 1 - 0 . 0 1 1 0 . 0 0 7 0 . 0 1 2 0 . 0 0 6
TABLE 6 ( i i )
OPTICAL DENSITIES OF MIXTURES OF Q.OOQlM- LANTHANUM 
CHLORIDE AND 0 .0001M  POTASSIUM FERRICYANIDE
FRACTION OF % OF LaCl, IN D2 -50 D2 2 -5 D2 2 0 D2 1 5 V2 1 °
Tt J
Fe(CN)^ MIXTURE
00 100 0 . 0 0 8 5 0 . 0 0 0 0 . 0 0 5 0 . 0 0 5 0 . 0 0 5
1 / 5 80 0 . 0 4 0 . 0 7 5 0 . 1 1 6 0 . 1 6 6 0 . 2 2 2
1 / 2 50 0 . 1 0 0 . 1 7 5 0 . 2 8 1 0 . 4 1 5 0 . 5 0 7
4 / 5 20 0 . 1 4 8 0 . 2 6 7 0 . 4 4 5 0 . 6 5 5 0 . 8 5 2
1 00 0 . 1 7 3 0 . 3 3 3 0 . 5 4 5 0 . 8 1 5 1 . 0 5 2
o
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S E C T I O N  2
THE CONCENTRATED SOLUTIONS
( a ) s o l u b i l i t y  measurements
SOLUBILITIES OF THE HYDRATE IN POTASSIUM CHLORIDE 
AND MAG-NESIUM SULPHATE
(1) INTRODUCTION!
One o f  t h e  m e t h o d s  o f  s t u d y i n g  t h e  i n c o m p l e t e  d i s s o c i a ­
t i o n  o f  e l e c t r o l y t e s  d e p e n d s  on m e a s u r i n g  t h e  s o l u b i l i t y  o f  a 
s p a r i n g l y  s o l u b l e  e l e c t r o l y t e  i n  th e  p r e s e n c e  o f  a n o t h e r  e l e c t r o ­
l y t e .  The a c t i v i t y  c o e f f i c i e n t  i n  t h e  p r e s e n c e  o f  an a d d ed  
e l e c t r o l y t e  c o u l d  be d e r i v e d  b e c a u s e  i f  mo and m a r e  t h e  
s o l u b i l i t i e s  i n  p u r e  w a t e r ,  and i n  t h e  p r e s e n c e  o f  t h e  o t h e r  
e l e c t r o l y t e ,  and f o  and fv a r e  t h e  c o r r e s p o n d i n g  a c t i v i t y
c o e f f i c i e n t s >  t h e  c o n d i t i o n  f o r  s a t u r a t i o n  i s  g i v e n  b y  t h e
1 /2r e l a t i o n  fomo s  f a  , o r  l o g . f o  + l o g , m o  = l o g . K g  = l o g . f  + l o g ja  
This i s  c o n s i d e r e d  t o  be  v a l i d  f o r  a l l  s a l t s  a t  l o w  c o n c e n t r a ­
t i o n  and a n o m a l i e s  i n  s u c h  a r e l a t i o n  c o u l d  be  t a k e n  a s  
e v id e n c e  f o r  i n c o m p l e t e  d i s s o c i a t i o n ,  i . e . ,  f o r m a t i o n  o f  an 
’ i n t e r m e d i a t e  i o n 1, o r  i o n —p a i r ,  or  m o l e c u l e .  Many s e r i e s  o f  
s o l u b i l i t y  m e a s u r e m e n t s  o f  u n s y m m e t r i c a l  b i n a r y  e l e c t r o l y t e s  i n  
a v a r i e t y  o f  a dded  s a l t s  a t  v a r y i n g  c o n c e n t r a t i o n s  a r e  r e p o r t e d  
by B r / n s t e d  and h i s  c o - w o r k e r s ^ ?
C a l c u l a t i o n  o f  t h e  d i s s o c i a t i o n  c o n s t a n t  w i l l  t h e n  
r e q u i r e  a k n o w le d g e  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  s p e c i e s  
i n v o l v e d  i n  t h e  d i s s o c i a t i o n  e q u i l i b r i u m  and t h e s e  can o n l y  be
d e r iv e d  fro m  t h e  s o l u b i l i t y  p r o d u c t  p r i n c i p l e  m e n t io n e d  a b o v e ,  i f  .
a means i s  a v a i l a b l e  f o r  o b t a i n i n g  i o n i c  a c t i v i t y  c o e f f i c i e n t s .
As t h e  o p e r a t i o n a l  s o l u b i l i t y  v a l u e s  a r e  r a r e l y  w i t h i n  t h e
d i l u t i o n  r a n g e ,  w here  t h e  l i m i t i n g  Debye I fucke l  e q u a t i o n  a p p l i e s ,
the  s o l u b i l i t y  method n o r m a l l y  r e q u i r e s  t h e  u s e  o f  an e x t e n d e d
23a c t i v i t y  e q u a t i o n ,  d e s c r i b e d  by D a v i e s  . He showed how 
s o l u b i l i t y  d a t a  c o u l d  be  u s e d  i n  c a l c u l a t i n g  t h e  d i s s o c i a t i o n  
c o n s t a n t  o f  an ’ i o n - p a i r *  w i t h  t h e  k n o w led g e  o f  pK v a l u e s  o f  
o t h e r  i o n —p a i r s  p r e s e n t  o b t a i n e d  by  c o n d u c t i v i t y  m e a s u r e m e n t s ,
O)
Topp e n d e a v o u r e d  t o  c a l c u l a t e  *fu* th e  a c t i v i t y  c o e f f i c i e n t  
o f  t h e  u n d i s s o c i a t e d  m o l e c u l e ,  or  ’ i o n - p a i r *  by m easurem ent  o f  
th e  s o l u b i l i t y  o f  MgOX i n  and MgClg • The o n l y
e f f e c t  o f  t h e  a d d ed  s a l t  he  assum ed t o  be t o  i n c r e a s e  t h e  
i o n i c  s t r e n g t h ,  and p o s s i b l y  a l s o  f u .  The common i o n  a a l t  was  
used t o  r e d u c e  a n i o n s  and c o m p le x  a n i o n s  In t h e  magnesium  
o x a l a t e  e l e c t r o l y t e  t o  s u c h  an e x t e n t  t h a t  s o l u b i l i t y  c h a n g e s  
should b e  a l m o s t  e n t i r e l y  d e p e n d e n t  on t h e  change  in  f u  w i t h  
changin g  i o n i c - s t r e n g t h .  The e f f e c t  o f  one s a l t  i n  s o l u t i o n  
upon t h e  s o l u b i l i t y  o f  a n o t h e r  s a l t  h a s  b een  w e l l  c o v e r e d  f o r  
e l e c t r o l y t e s  o f  1 : 1  ; 2 : 2  ; 2 : 1  ; and 3 : 1  v a l e n c y  t y p e s  a t  
low c o n c e n t r a t i o n s ,  b u t  l i t t l e  i n v e s t i g a t i o n  h a s  been  c a r r i e d  
out i n  c o n c e n t r a t e d  s o l u t i o n .  The p r e s e n t  s t a t e  o f  i n t e r p r e ­
t a t i o n  o f  s o l u b i l i t y  r e s u l t s  i n  t h e  p r e s e n c e  o f  s i m p l e  s a l t s  i s
e x p l a i n e d  by  D a v i e s .  The c o m p o s i t i o n  o f  1 i o n —p a i r s 1 p r e s e n t ,  
in  a d d i t i o n  t o  t h e  s i m p l e  i o n s  i n  s a l t  s o l u t i o n s ,  c o u l d  be  
c a l c u l a t e d  s a t i s f a c t o r i l y  w i t h  k n o w le d g e  o f  t h e i r  pK v a l u e s  
from i n d e p e n d e n t  s o u r c e s .  T h i s  c o m p o s i t i o n  i n  t u r n  c o u l d  be  
used t o  d e t e r m i n e  a c t i v i t y  c o e f f i c i e n t s  o f  t h e  s a l t  under  
d i s c u s s i o n *
The s o l u b i l i t y  o f  la n th a n u m  f e r r i c y a n i d e  i n  w a t e r  h a s  
a lr e a d y  b e e n  d e s c r i b e d  i n  t h e  f i r s t  c h a p t e r .  The aim o f  t h e  
p r e s e n t  work h a s  b e e n  t w o f o l d ,  f i r s t  t o  e x t e n d  t h e  s t u d y  o f  t h e  
s o l u b i l i t y  o f  l a n t h a n u m  f e r r i c y a n i d e  i n  s o l u t i o n s  o f  t y p i c a l  
s a l t s ,  l i k e  p o t a s s i u m  c h l o r i d e  and magnes ium s u l p h a t e ,  up t o  
c o n c e n t r a t i o n s  a p p r o a c h i n g  s a t u r a t i o n ,  i n  o r d e r  to  s t u d y  t h e  
p r o p e r t i e s  o f  s o l u t i o n s  and f o r  t h e  d e t e r m i n a t i o n  o f  a c t i v i t y  
c o e f f i c i e n t s .  The s e c o n d  p u r p o s e  was  t o  p r e p a r e  s u p e r s a t u r a t e d  
s o l u t i o n s  o f  la n t h a n u m  f e r r i c y a n i d e  w i t h  t h e  u s e  o f  s a t u r a t e d  
s o l u t i o n s  i n  m agnes ium  s u l p h a t e  and s u l p h u r i c  a c i d .
(2) MATERIALS
Lanthanum f e r r i c y a n i d e  was  p r e p a r e d  and a n a l y s e d  a s  
d e s c r i b e d  i n  C h a p ter  1 .  The s o l u t e  KC1 was r e c r y s t a l l i s e d  
%S0^ was A n a la r  q u a l i t y .
(3) MEASUREMENTS:
The im p r o v e d  fo r m  o f  t h e  a p p a r a t u s  o f  B r ^ n s t e d  and 
LaMer, d e s c r i b e d  b y  Money and D a v i e s  was u s e d .  A s u s p e n s i o n
o f  la n t h a n u m  f e r r i c y a n i d e  i n  p o t a s s i u m  c h l o r i d e  o r  magnes ium  
s u l p h a t e ,  a s  t h e  c a s e  may h e ,  was  p o u r e d  i n t o  t h e  r e s e r v o i r  
t o  o b t a i n  a u n i f o r m  column o f  t h e  s a l t *  In  e x p e r i m e n t s ,  
two s u c h  s a t u r a t o r s  were  u s e d  to  p r o v i d e  d u p l i c a t e  r e a d i n g s .  
These  w e r e  im m ersed  i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  b a t h .
The b a t h  l i q u i d  was  w a t e r ,  m a i n t a i n e d  a t  25°C £  0 . 0 1 ° C ;  o t h e r  
d e s c r i p t i o n s  and t e c h n i q u e s  a r e  c o v e r e d  un der  t h e  s o l u b i l i t y  
o f  t h e  s a l t  i n  w a t e r *
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TABLE 7
THE SOLUBILITIES OP LANTHANUM FERRICYANIDE IN AQUEOUS 
POTASSIUM CHLORIDE SOLUTIONS AT 25°C
MOLARITY SOLUBILITY OP
OP LANTHANUM FERRICYANIDE
ADDED SALT MOLES PER LITRE
0 . 0 0 0  0 . 0 8 7 7 5
0 . 0 1 0  0 . 0 9 1 6 6
0 . 0 2 0  0 . 0 9 7 5 2
0 . 0 3 5  0 . 1 0 4 5 0
0 .0 5 0  0 .11250
0 . 1 0 0  0 . 1 1 9 2 0
0 . 5 0 0  0 . 1 7 9 2 0
1 . 0 0 0  0 . 2 0 6 3 0
2 . 0 0 0  0 . 2 3 6 2 0
TABLE 8
THE SOLUBILITIES OP LANTHANUM FERRICYANIDE IN AQUEOUS 
MAGNESIUM SULPHATE SOLUTIONS AT 25°G
MOLARITY
OP
ADDED SALT
SOLUBILITY OP 
LANTHANUM FERRICYANIDE 
MOLES PER LITRE
0 . 0 0 0 0 . 0 8 7 7 5
0 . 0 2 5 0 . 1 1 4 4 0
0 . 0 5 0 0 . 1 4 9 2 0
0 . 1 0 0 0 . 1 8 0 0 0
0 . 2 0 0 0 . 2 2 2 5 0
0 . 4 0 0 0 . 2 9 1 0 0 s
0 . 6 0 0 0 . 3 6 0 3 0 *
3g Lanthanum s u l p h a t e  s t a r t s  p r e c i p i t a t i n g  o u t .
S O L U B I L I T Y  ( g r a m  m o l e s ,  pe r  l i t r e )
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( B) PREPARATION OF SUPERSATURATED SOLUTIONS OF LANTHANUM
FERRICYANIDE:
(1 )  PREPARATION OF THE SUPERSATURATED SOLUTIONS USING- 
SATURATED SOLUTIONS OF THE SALT IN MAG-NESIUM SULPHATE AND 
SULPHURIC ACIDS
( I )  INTRODUCTION:
I t  h a s  b e e n  shown by Tuchmann t h a t  f u l l y  
h y d r a t e d  c r y s t a l s  o f  la n t h a n u m  f e r r i c y a n i d e  show more r e l u c t a n c e  
to  p a s s  i n t o  s o l u t i o n  t h a n  d e h y d r a t e d  c r y s t a l s .  He t r i e d  t o  
p r e p a r e  c o n c e n t r a t e d  s o l u t i o n s  by  s u c c e s s i v e  t r e a t m e n t s  o f  
d e h y d r a t e d  c r y s t a l s  w i t h  a s a t u r a t e d  s o l u t i o n  o f  h y d r a t e d  
lanthanum  f e r r i c y a n i d e  b u t  w i t h o u t  much s u c c e s s .  A b e t t e r  
method was  t h o u g h t  t o  be  t h e  p r e p a r a t i o n  o f  a v e r y  c o n c e n t r a t e d  
s o l u t i o n  by  u s i n g  r e a g e n t s  w h ic h  p r o d u c e  i n s o l u b l e  by  p r o d u c t s .  
A f t e r  much e x p e r i m e n t i n g  two a l t e r n a t i v e  m eth o d s  were  s u g g e s t e d  
by Tuchmann
( i )  2 LaPe(CN)g5H2 0 + 3 B a ( 0 H ) 2 8H2 0 s u ?P,en .d.j,a i n  w a t e r  
Ba [ > e ( C N ) g ] 2 +2La(0H)^+13H2 0 .
Ba . [ P e ( CK)g ] 2 +2 La( OH)-+3H2 S0^ ^  L aP e( CN)g
+3BaS0,'V +6H20
( i i )  2LaPe (CN)65H2 0 +3 B a (0 H )2 8H2 0 s u s P ^ l ded i n  wate1,  
B a , [ P e ( C N ) g ] 2 + 2 L a (0 H )3 4 + 1 3 H 2 0
B a 3 [ F e ( C H ) g ] 2 +La2 ( S 0 ^ ) ,  —),3BaS0Z|A/+2LaFe(CN)g  
( a f t e r  Bjerrum  F a u r h o l t  )
The f i r s t  method was f o u n d  t o  be  s u i t a b l e  f o r  t h e  
p r e p a r a t i o n  o f  s o l u t i o n s  o f  medium s t r e n g t h  up t o  0.19M and t h e  
second method c o u l d  g i v e  s o l u t i o n  o f  h i g h  c o n c e n t r a t i o n  up t o  
0.4M, an u n d e s i r a b l e  f e a t u r e  o f  t h e  a b o v e  m eth ods  i s  t h e  
d r a s t i c  and p r o l o n g e d  n a t u r e  o f  t h e  p r e p a r a t i o n  w h ic h  r e s u l t s  
in  t h e  d e c o m p o s i t i o n  o f  f e r r i c y a n i d e .  The p r e s e n c e  o f  
i n a d v i s a b l e  f o r e i g n  i o n s  ( t h e  d e c o m p o s i t i o n  i s  a c c e l e r a t e d  
in  a c i d  s o l u t i o n s )  i s  u n a v o i d a b l e .  T h i s  makes them u n s u i t a b l e  
f o r  t h e  p r e s e n t  w o r k ,  and new m eth o d s  such  a s  ion-^-exchange and  
s a l t  e f f e c t s  w ere  t h e r e f o r e  d e v e l o p e d .
( I I )  METHOD OF REMOVING- ADDED SALTS;
An i n v e s t i g a t i o n ,  w h e t h e r  t h e  s a t u r a t e d  s o l u t i o n s  
in  s a l t  s o l u t i o n s  o f  d i f f e r e n t  s a l t  c o n c e n t r a t i o n  d e p o s i t  
lanthanum  f e r r i c y a n i d e  c r y s t a l s  when t h e  added s a l t s  w ere  
removed, was  c a r r i e d  o u t  i n  m agnes ium  s u l p h a t e ,  and 
s u l p h u r i c  a c i d  s o l u t i o n s .  A« r e a g e n t  w h ic h  c o u l d  o n l y  r e a c t  
w ith  t h e  a d d ed  s a l t  and p r o d u c e  an i n s o l u b l e  b y p r o d u c t  was  
u s e d .  Ba(OH)g r e a c t s  w i t h  magnesium s u l p h a t e  and s u l p h u r i c
a c i d  i n  t h e  f o l l o w i n g  way: —
l i
( i )  MgSO,'+Ba(0H)2 Mg(0H)2"V + B a S 0 ^
( i i )  H gSO ,+Ba(0H)2 BaSO.'V+HgO
when t h e  i n s o l u b l e  Mg(0H)2 and BaSO, c o u l d  be  r e m o v e d .  T h i s  
c o u l d  be  an a l t e r n a t i v e  method f o r  t h e  p r e p a r a t i o n  o f  s u p e r ­
s a t u r a t e d  la n t h a n u m  f e r r i c y a n i d e  s o l u t i o n .  H ow ever ,  t h e  
c o m p l e t e  r e m o v a l  o f  f o r e i g n  i o n s  i s  d i f f i c u l t ,  so t h e  
s o l u t i o n s  t h u s  p r e p a r e d  w ere  u n s u i t a b l e  f o r  c o n d u c t i v i t y  
m e a s u r e m e n t s .  The m ethod  o f  r e m o v in g  t h e  a d d ed  s a l t  i s  a s  
f o l l o w s : * -
A known vo lu m e  o f  t h e  s a t u r a t e d  LaFe(CN)g  i n  
magnesium s u l p h a t e  o r  s u l p h u r i c  a c i d  was  p i p e t t e d  o u t  t o  a 
c l e a n  c o n i c a l  f l a s k .  A c a l c u l a t e d  90^  o f  Ba(0H )2  A n a la r  
was added  s l o w l y .  The r e m a i n i n g  1 0 % o f  t h e  Ba(0H )2  was  
added c o n d u c t i m e t r i c a l l y .  A b u l k y  p r e c i p i t a t e  o f  BaSO^ and
Mg(0H)2 w ere  rem oved  b y  f i l t r a t i o n .  The f i n a l  was a n a l y s e d
+ *5 ~3b o t h  f o r  La J  and F e(C N )g  . The a n a l y s i s  showed s t r i c t
e q u i v a l e n c e  o f  l a n t h a n u m  and f e r r i c y a n i d e .  No b a r i u m ,
magnesium o r  s u l p h a t e  c o u l d  b e  d e t e e t e d .
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( 2 )  PREPARATION OF LANTHANUM FERRICYANIDE BY THE METHOD OF
ION-EXCHANGE:
( I )  INTRODUCTION:
The two p o s s i b l e  m e th o d s  o f  p r e p a r a t i o n  o f  
LaEe(CN)g w o u ld  h e ,  ( i )  b y  d o u b l e  d e c o m p o s i t i o n ,  ( i i )  b y  i o n -  
e x c h a n g e .
The f i r s t  method h a s  a l r e a d y  b e e n  d i s c u s s e d .  The
method o f  i o n —e x c h a n g e  a s  a way o f  p r e p a r i n g  c o n c e n t r a t e d
LaFe(CN)g s o l u t i o n s  f r e e  from  f o r e i g n  e l e c t r o l y t e s  was  t h o u g h t
t o  be p r o m i s i n g ,  and w as  a p p l i e d  a s  f o l l o w s : -
Pure H^Fe(CN)^ ( w h i c h  i s  n o t  v e r y  s t a b l e )  c o u l d  be
p r e p a r e d  b y  p a s s i n g  A n a la r  K^Fe(CN)^ t h r o u g h  an e x c e s s  o f  a
+1washed s u l p h o n i c  a c i d  e x c h a n g e r  ( f r e e  from K ) ,  T h i s  must now 
be c o m p l e t e l y  c o n v e r t e d  i n t o  t h e  La s a l t .  T h i s  would  be  
d i f f i c u l t  on an o r d i n a r y  c a t i o n  e x c h a n g e r ,  a s  t h e  r e s i n  would  
have a s t r o n g e r  a f f i n i t y  f o r  La J th a n  f o r  H a c c o r d i n g  t o  
LaR^+ 3H+1 ^  3HR+La*^
T h is  p r o c e s s  c o u l d  be made c o m p l e t e ,  h o w e v e r ,  by  u s i n g  a weak 
a c i d  e x c h a n g e r ,  e . g , ,  Zeo-Karb 2 2 6 ,  T h i s  w i l l  t h e r e f o r e  have  
t o  be p r e p a r e d  i n  t h e  la n th a n u m  f o r m .  Lanthanum h y d r o x i d e  
i s  so i n s o l u b l e  t h a t  t h e  La—r e  s i n  w i l l  n o t  form r e a d i l y  from
a g i t a t i o n  o f  LartO, w i t h  H - r e s i n ;  a n o t h e r  s a l t  fo rm  was  t h u s  2 3
n e c e s s a r y .
( I X )  MATERIAL:
Lanthanum c h l o r i d e  B .D .H  A n a l a r ,  r e c r y s t a l l i s e d  
K^Pe(CN)^ A n a l a r j  and Zeo-Karb 2 2 6 ,  Zeo-Karb 225  c a t i o n  
e x c h a n g e r s .
( I l l )  METHOD:
Zeo-Karb 226  was  so a k e d  in  an e x c e s s  o f  NaOH.
The s w o l l e n  so d iu m  r e s i n  w as  t r a n s f e r r e d  t o  a column and th o r o u g h ly  
washed w i t h  w a t e r .  L a C l ,  s o l u t i o n  was t h e n  s l o w l y  p a s s e d
j
through t h e  co lum n u n t i l  a l l  Na+  ^ had been  r e m o v e d ,  and w ash ed
t i l l  f r e e  fr o m  Cl’"'*'. The minimum q u a n t i t y  o f  s o l u t i o n  o f
LaEe(CN)g, a c c o r d i n g  t o  t h e  c a p a c i t y  o f  t h e  c o n d u c t i v i t y  c e l l ,
was a b o u t  2 5 0 m l ,  0 . 2  mole  o f  L a - r e s i n  was n e c e s s a r y .  The
c a p a c i t y  o f  Z eo-K arb  2 2 6  i s  a b o u t  10m—e q u i v a l e n t s  p e r  g m . , so
about 20  gms w as  s u f f i c i e n t .  About 0 . 4  fo r m u la  w e i g h t  o f
LaClj was n e e d e d  i n  t h e  p r e p a r a t i o n .  T h is  co lumn was c o u p l e d
with  H.R r e s i n  column p r e p a r e d  by  p a s s i n g  A n a la r  K^Fe(CN)^
through an e x c e s s  o f  a w ash ed  s u l p h o n i c  a c i d  e x c h a n g e r ,  f r e e  
#  +1from K # Th© c a p a c i t y  o f  t h e  m o i s t  r e s i n  i s  ab o u t  
4 m i l l i - e q u i v a l e n t s  p e r  g m . , so  50 gms o f  r e s i n  in  a f a i r l y  
narrow column was n e e d e d .  The H^Fe(CN)^ s o l u t i o n  form ed i n  t h e  
l a t t e r  was p a s s e d  t h r o u g h  t h e  La—R i n  t h e  s e c o n d  column and was  
c o m p l e t e l y  c o n v e r t e d  t o  LaFe(CN)^.  The p r o d u c t ,  when t e s t e d
f o r  n e u t r a l i t y ,  was f o u n d  t o  be  a c i d i c  t o  l i t m u s .  A h i g h
c o n d u c t i v i t y  o f  t h e  s o l u t i o n  was o b s e r v e d .  The a n a l y s i s
showed an e x c e s s  o f  F e (C N )g  o v e r  La i o n s .
The r e a c t i o n  i n  t h e  a b o v e  method LaR^ + 3HR + La
i s  t h e r e f o r e  u n r e l i a b l e .  The u n ch a n g ed ,  u n s t a b l e  H^Fe(CN)g
+3which e s c a p e s  t h r o u g h  La co lumn i n c o n s e q u e n c e  i n c r e a s e s  t h e  
c o n d u c t i v i t y  o f  t h e  r e s u l t a n t  s o l u t i o n  and a l s o  h a s t e n s  t h e  
p r o c e s s  o f  d e c o m p o s i t i o n .  The d i f f i c u l t y  w i t h  t h e  method i s  
c l e a r l y  t h a t  t h e  d e s i r e d  e x c h a n g e  i s  i n c o m p l e t e ,  b e c a u s e  t h e  
r e s i n ,  a l t h o u g h  a weak c a r b o x y l i c  a c i d ,  i s  n o t  s u f f i c i e n t l y  
!weak* f o r  t h e  p u r p o s e ,  and t e n d s  t o  m a i n t a i n  a pH v a l u e  o f  
a p p r o x i m a t e l y  pH = 3 ^  e q u i l i b r i u m  w i t h  a q u e o u s  s o l u t i o n s .
( 3 )  PREPARATION OF SUPERSATURATED SOLUTION OF LANTHANUM
7ERRICYANIDE BY MODIFIED ION—EXCHANG-E METHOD
( I )  INTRODUCTION:
The w e a k n e s s  i n  t h e  p r e v i o u s  method c o u l d  he
I
r e c t i f i e d  b y  ( l )  u s i n g  d o u b l e  column o f  an e x c e s s  o f  w ashed  
s u l p h o n i c  a c i d  e x c h a n g e r  t o  i n c r e a s e  t h e  e f f i c i e n c y  o f  t h e  
m eth od ,  ( 2 )  c o n v e r t i n g  H^Fe(CN)^ t o  LaFe(CN)g  th r o u g h  two s t e p s ,  |
( I I )  METHOD |
( a )  P r e p a r a t i o n  o f  H^ Fe(CN)^
The minimum q u a n t i t y  o f  s o l u t i o n  n e e d e d  i s  
250 m l ,  t h e r e f o r e  a b o u t  1 / l O t h  m ole  must be n e e d e d .  The 
c a p a c i t y  o f  t h e  m o i s t  r e s i n  i s  a b o u t  A m i l l i - e q u i v a l e n t s  p e r  gm, | 
and 50  gms o f  r e s i n  i n  a f a i r l y  n arrow  column a r e  u s e d ,  I
An i d e n t i c a l  co lumn was c o u p l e d  w i t h  t h e  f i r s t  one  t o  i n c r e a s e
th e  e f f i c i e n c y  o f  t h e  p r o c e s s ,  A c a l c u l a t e d  q u a n t i t y  o f  j
: !
K^Fe(CN)g was  d i s s o l v e d  i n  d e i o n i s e d  d i s t i l l e d  w a t e r  t o  g i v e  a j
s a t u r a t e d  s o l u t i o n .  T h i s  was p a s s e d  th r o u g h  t h e  f i r s t  c o lu m n ,
H^Fe(CN)^ w h i c h  was l i b e r a t e d  i n  t h e  column was f u r t h e r
c i r c u l a t e d  t h r o u g h  t h e  s e c o n d  column when a p u re  H^Fe(CN)^ f r e e  
_ +1
from K w as  o b t a i n e d  a c c o r d i n g  t o  t h e  r e a c t i o n * ,
K^Fe( CN) £+3HR ^  3KR+H^Fe( CN)^
( b ) P r e p a r a t i o n  o f  Barium F e r r i c y a n i d e  : By 
C o n d u o t i m e t r i c  T i t r a t i o n , j
METHOD: |
The H^Fe(CN)^ , t h u s  g e n e r a t e d ,  was n e u t r a l i z e d  w i t h  I
B a (0 H )2 grou n d  c r y s t a l s .  The d e c o m p o s i t i o n  o f  u n s t a b l e  j
H^Fe(CN)^ was a v o i d e d  hy  a d d in g  j u s t  an e x c e s s  o f  B a (0 H )2 , 
w h ic h  i s  i n d i c a t e d  h y  a t u r b i d i t y  o f  t h e  s o l u t i o n .  T h i s  e x c e s s  ; 
o f  B a (0 H )2 was  f i n a l l y  n e u t r a l i z e d  by  a d d in g  H^Fe(CN)^  
c o n d u c t i m e t r i c a l l y .
C o n d u c t i m e t r i c  t i t r a t i o n  h a s  a l r e a d y  b e e n  d e s c r i b e d  
i n  C h a p ter  1 .  The same i d e a  c o u l d  be  e x p l o i t e d  i n  a d d in g  
e q u i v a l e n t  q u a n t i t y  o f  H^Fe(CH)^. HjFe(CN)g  was  added  
d r o p w is e  t i l l  i t  r e a c h e d  t h e  e q u i v a l e n t  p o i n t ,  t h e  e q u i v a l e n t  
p o i n t  i n  t h e  c o n d u c t a n c e  c u r v e  w o u ld  s u r e l y  be  t h e  i n d i c a t i o n
+2 _  x
o f  t h e  s t o i c h o m e t r i c  p r o p o r t i o n  o f  Ba and F e (C N )g  i n  t h e  
s o l u t i o n  o f  B a ^ [ F e ( C N ) g ] 2 .
( c )  P r e p a r a t i o n  o f  Lanthanum S u l p h a t e :
Lanthanum c h l o r i d e  B .D .H sample  was  
su s p e n d e d  i n  w a t e r  and A n a la r  c o n c e n t r a t e d  s u l p h u r i c  a c i d  was  
added d r o p w i s e  u n t i l  t h e r e  a p p e a r e d  a t u r b i d i t y .  The s o l u t i o n  
was f i l t e r e d  i m m e d i a t e l y  w i t h  t h e  h e l p  o f  a Buckner  f u n n e l .
The f i l t r a t e ,  when a l l o w e d  t o  s t a n d ,  a mass  o f  c r y s t a l s  w ere
s e p a r a t e d  o u t .  T h e se  w ere  f i l t e r e d  o f f  and h e a t e d  a t  600°C  |
f o r  c o m p l e t e  d e h y d r a t i o n .  The d e h y d r a t e d  c r y s t a l s  w ere  j!
d i s s o l v e d  i n  c o l d  w a t e r  and warmed t o  a b o u t  35°G t o  b-0°C when 
c r y s t a l s  a g a i n  s e p a r a t e d  o u t .  They w ere  f i l t e r e d  o f f ,  d r i e d  j
i n  an o v en  a t  1 0 0 ° C ,  and f i n a l l y  g r o u n d .
(d)  P r e p a r a t i o n  o f  Lanthanum F e r r i c y a n i d e :
C o n d u c t i m e t r i c a l l y :
A c o n c e n t r a t e d  bar ium  f e r r i c y a n i d e  s o l u t i o n
t h u s  p r e p a r e d  was t a k e n  i n  a c o n d u c t i v i t y  c e l l  and c r y s t a l s  o f  j
lanthanu m  s u l p h a t e  was  add ed  i n  s m a l l  i n s t a l m e n t s  t i l l  an
■ ■ ■ ■ 1; 
e q u i v a l e n t  p o i n t  was  r e a c h e d .  The f i n a l  s o l u t i o n  was f r e e  from
-2  +2SO^ and Ba . S e v e r a l  e x p e r i m e n t s  on t h i s  show ed ,  a b o u t  
0.2181M a s  t h e  c o n c e n t r a t i o n  a t  w hich  la n tha n u m  f e r r i c y a n i d e  !i
■ jj
s o l u t i o n  s t a r t s  c r y s t a l l i s i n g  o u t .  T h i s  maximum c o n c e n t r a t i o n  j
o f  t h e  r e s u l t a n t  s o l u t i o n  i s  s o l e l y  d e p e n d a n t  o f  t h e  d e g r e e  o f  t
|
l o c a l i s e d  e f f e c t  o f  Lag^SO^)^* H owever ,  t h i s  c o u l d  n o t  be  
f i x e d  a s  l o n g  a s  t h e  a d d i t i o n  o f  La^CSO^)^ i s  u n a v o i d a b l e  and  
t h e r e f o r e  a s e r i e s  o f  maximum c o n c e n t r a t i o n s  e o u l d  be  r e p o r t e d .
The s o l u t i o n  was a n a l y s e d  b o t h  f o r  La+  ^ and Fe(CN)g^  
c o n t e n t s  i n  t h e  way a l r e a d y  d e s c r i b e d  and f o u n d  t o  be  i n  
e q u i v a l e n t  p r o p o r t i o n ,  w h ic h  i n  i t s e l f  sp ok e  f o r  t h e  w o r t h i n e s s  
o f  i t s  m ethod  o f  p r e p a r a t i o n  o f  p u re  s u p e r s a t u r a t e d  s o l u t i o n  o f  
lanthanum  f e r r i c y a n i d e .
(C) EXPERIMENTS TO ESTABLISH A RANG-E OF SUPERSATURATED
SOLUTION OF LANTHANUM FERRICYANIDE AT 25°C
( I )  EXPERIMENTS;
I n  m ost  c a s e s ,  a f t e r  t h e  c o n c e n t r a t e d  s o l u t i o n s  
p r e p a r e d  i n  t h e  way m e n t i o n e d  ab o v e  w ere  f i l l e d  i n  t h e  
c o n d u c t i v i t y  c e l l  ( S e c t i o n  1C. g)and t h e i r  c o n d u c t a n c e s  m e a s u r e d ,  
a f e w  c r y s t a l s  w ere  added t o  t h e  r i g h t  hand column o f  t h e  c e l l ;  
no ch a n g e  i n  t h e  c o n d u c t a n c e  was o b s e r v e d ,  A sample  o f  t h e  
s o l u t i o n  was w i th d r a w n  and a n a l y s e d  f o r  F e ( C N ) ^  .
The s u p e r s a t u r a t e d  s o l u t i o n  was d i l u t e d  w i t h  b o i l e d  o u t  d e i o n i s e d  
d i s t i l l e d  w a t e r ,  and l e f t  f o r  an hou r  t o  g e t  t o  a s t e a d y  
r e s i s t a n c e .  The la n th a n u m  f e r r i c y a n i d e  c r y s t a l s  s t i l l  e x i s t e d  
i n  t h e  r i g h t  hand column o f  t h e  c e l l ,  t h e  s t e a d y  r e s i s t a n c e  i n  
th e  p r e s e n c e  o f  t h e  c r y s t a l s  was n o t e d .  The c o n c e n t r a t i o n  o f  
th e  s u p e r s a t u r a t e d  s o l u t i o n  was known on e s t i m a t i o n .
The s o l i d  was  i n  e q u i l i b r i u m  w i t h  t h e  s o l u t i o n  a t  b o t h  
t h e s e  c o n c e n t r a t i o n s ,  i n  t h e  same way t h e  w h o le  r a n g e  o f  t h e  
s o l u t i o n  c o n c e n t r a t i o n  was t e s t e d  f o r  s u p e r s a t u r a t i o n .  I t  was  
n ot  u n t i l  t h e  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  r e a c h e d  0 .08775M  
t h a t  t h e  c r y s t a l s  s t a r t e d  d i s s o l v i n g ,  sh o w in g  t h a t  t h e  s o l u t i o n s  
below  c o n c e n t r a t i o n  0 .08775M  a r e  u n s a t u r a t e d  a t  2 5 ° C .
(D ) CONDUCTIVITY MEASUREMENTS OF SUPERSATURATED SOLUTION
OE LANTHANUM FERRICYANIDE
( I )  INTRODUCTION:
C o n d u c t i v i t y  o f  d i l u t e  s o l u t i o n s  up t o  t h e  
c o n c e n t r a t i o n  o f  0 .0 8 7 7 5 M  have  b e e n  r e p o r t e d  i n  t h e  C h ap ter  1 C •  
When t h e  c o n c e n t r a t i o n  o f  an e l e c t r o l y t e  i s  i n c r e a s e d  b e y o n d  
t h a t  f o r  minimum d i s s o c i a t i o n ,  t h e  c o n c e n t r a t i o n  o f  f r e e  i o n s  
w i l l  i n c r e a s e  more r a p i d l y  than  b e f o r e  and s o  w i l l  t h e  i o n i c — 
s t r e n g t h  of* t h e  s o l u t i o n ,  and t h e  m a g n i tu d e  o f  i o n i c - a t m o s p h e r e  
e f f e c t s *
D a v i e s  p o i n t s  o u t  t h a t  t h e  r e s u l t a n t  o f  t h e  a b o v e  two  
o p p o s i n g  i n f l u e n c e s  w ould  l e a d  t o  a minimum, s u c c e e d e d  b y  a 
f l a t  maximum i n  t h e  c o n d u c t i v i t y  c u r v e .  More g e n e r a l l y  he  
p o i n t s  o u t  a r e g i o n  o f  a b n o r m a l l y  s m a l l  s l o p e  f o l l o w e d  by  a 
p o i n t  o f  i n f l e x i o n .  T h i s  b e h a v i o u r  was  e x p l a i n e d  by  him i n  t h e  
c a se  o f  2 —3 ,  and 2 —if v a l e n t  e l e c t r o l y t e s .  The p r e s e n t  work  
was c a r r i e d  o u t  t o  d i s c u s s  t h e  a p p l i c a t i o n  o f  t h e  a b o v e  b e h a v i o u r  
in  3 - 3  v a l e n t  e l e c t r o l y t e s ,  and o f  m u l t i v a l e n t  e l e c t r o l y t e s  i n  
g e n e r a l .
( i i )  MATERIAL:
Lanthanum f e r r i c y a n i d e  was p r e p a r e d  i n  t h e  way 
d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r .
( I l l )  METHOD:
The method o f  c o n d u c t i v i t y  m e a s u r e m e n t s  o f  t h e  
f e l e c t r o l y t e s  p r e p a r e d  fro m  t h e  h y d r a t e d  sample  was  d e s c r i b e d  i n  
Chapter  1C« The same p r o c e d u r e  was a d o p t e d  h e r e .  The 
c o n d u c t i v i t y  m e a s u r e m e n t s  o f  s u p e r s a t u r a t e d  s o l u t i o n s  a r e  
m easured  a t  25°C £  0 . 0 0 5 ° C .  When a sample  was w i th d ra w n  and  
a n a l y s e d  f o r  F e (C N )g  c o n t e n t s ,  some c o n d u c t i v i t y  w a t e r  was  
f e d  i n  and m ix ed  t h o r o u g h l y  w i t h  t h e  s o l u t i o n  and l e f t  f o r  
an hou r  t o  a t t a i n  t h e  room t e m p e r a t u r e .  The c o n d u c t i v i t y  was  
a g a i n  m e a s u r e d .  C o n c e n t r a t i o n  o f  t h e  s o l u t i o n  LaFe(CN)g  was  
known b y  e s t i m a t i n g  F e (C N )g  c o n t e n t s .
■-jgrrj%  tfnrtnf----------------------------------
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TABLE 9
EQUIVALENT CONDUCTANCES OF SUPERSATURATED SOLUTIONS 
OF LANTHANUM FERRICYANIDE AT 25°C  
(THE SOLUTION WAS PREPARED BY THE METHOD OF ION-SXCHAN&E)
. RATIO
RUN CXIO4, l a * '
F e ( C I I ) g
1 7 5 0 9 . 5 2
6 9 4 2 . 3 0
6 8 . 3 8 3
6 7 . 0 2 2
0 . 6 9 7 5
2 5 4 4 2 . 7 5  
4 4 0 0 . 6 5
7 0 . 3 3
7 0 . 6 5
0 . 6 7 5 8
3 9 1 3 3 . 2  
2 9 8 8 . 2 1  
2 4 4 7 . 7 0
1 8 1 0 . 2
7 9 . 1 7
6 1 . 7 1 4
6 1 . 9 6 3
6 2 . 8 0 4
0 . 7 5 5 1
4 5 5 4 9 . 3 1
3 2 0 6 . 3
7 1 . 4 7
6 7 . 9 8
0 . 6 8 6 2
5 2 2 0 0 . 3 9 1 . 8 7 9 0 . 5 9 1 6
8 3 .
TABLE 1 0
EQUIVALENT CONDUCTANCES OF SUPERSATURATED SOLUTIONS 
OF LANTHANUM FERRICYANIDE AT 25°C  
(THE SOLUTION WAS PREPARED BY THE METHOD OF DOUBLE DECOMPOSITION)
RUN CXIO^ RATIO
A  La+3
F e ( C N )7 3
7 8 8 8 . 1  5 1 . 6 ^ 5  0 . 9 4 2 5
5 0 1 4 . 6  5 4 . 1 0 4
2 9 0 0 . 7  5 5 . 4 1 1
1 6 7 4 . 1  5 5 . 0 1 1
6 6 3 3 . 6  4 6 . 7 1  1 . 0 1 9
2 8 9 7 . 9  4 8 . 2 0 1
2 2 9 7 . 3  4 8 . 6 5 9
1 8 1 5 . 5  4 8 . 5 2 6
1 3 6 8 . 6  4 8 . 0 9 7
1 1 0 3 . 2  4 7 . 4 0 7
7 6 8 . 7 1  4 7 . 0 5 6
5 7 2 . 6  4 9 . 2
3 9 4 . 5 3  5 1 . 7 3 2
3 5 8 9 . 4  4 6 . 8 9 5  1 . 0 1 6
2 5 5 8 . 8  4 6 . 6 8 4
1 8 6 4 . 7  4 6 . 8 4 1
1 2 3 3 . 8  4 6 . 7 5 8
6 5 4 5 . 5  4 5 . 6 6 3  1 . 0 0 8
4 5 0 6 . 1  4 7 . 0 5 1
3 3 6 3 . 7  4 7 . 3 5 9
1 9 4 6 . 1  4 7 . 7 1
1386.0  47.661
6 5 4 3 . 4  4 5 * 4 8 4  1 . 0 1 0
4 8 3 3 . 3  4 5 . 9 8 5
4 0 5 7  4 6 . 0 9 6
30 9 2  4 6 . 1 0
7 6 7 6 . 1  4 4 . 5 8 8  0 . 9 8 2 2
5 6 2 5 . 8  4 5 . 8 0 8
4 1 0 1 . 1  4 6 . 0 4 8
2786.6  46.108
0-2 
0-3 
04 
OS 
0-6 
07 
0
8
84*
o
0
85
P A R T  ^
DISCUSSION OF RESULTS 
AND CONCLUSION
1.  INTRODUCTION
The main objects of this work were two—fold, the 
first was to study, and if possible, explain the anomalous 
solubility phenomena reported by Tuchmann and others. The 
second was to study the properties and mode of ionization of 
lanthanum ferricyanide solutions over the very wide concentra­
tion range that now appeared accessible to measurement. It 
was thought that any pecularities in the behaviour of 
lanthanum ferricyanide might eventually be found to be typical 
of solutions containing ions of high valency in which small 
concentration changes lead to very large changes in ionic- 
strength.
Lanthanum ferricyanide is not an ideal example to
choose for study, and its tendency to decompose on standing,
and especially in acid solutions, added to the difficulties
of the experimental work. At the time that the work was
started, however, it appeared to be the only 3-3 valent
electrolyte to show a fairly high solubility in water.
The 3 —3 v a l e n t  e l e c t r o l y t e  la n th a n u m  c o b a l t i c y a n i d e , w h i c h  h a s
very similar properties to lanthanum ferricyanide and was
4 6
studied by James in this laboratory, has since been found to 
exhibit an anomalously high solubility of the same kind as the 
ferricyanide, whilst being much more stable.
8 7 .
In this discussion the solubility results and the 
problems they offer, will be discussed first, and then the 
various solution properties that have been studied will be 
reviewed*
DISCUSSION
( 1^ SOLUBILITY
(a )  GENERAL;
The s o l u b i l i t y  o f  s a l t s  have  b een  p r e v i o u s l y  s t u d i e d
4*7
u s i n g  t h e  f o l l o w i n g  m e th o d s  by  Br/^nsted and LaM e r  ,  D a v i e s  ,
4 9and B e l l  and G eorge  , when t h e  t e m p e r a t u r e  i s  f i x e d  and t h e  
s o l v e n t  a l l o w e d  t o  come t o  e q u i l i b r i u m  w i t h  an e x c e s s  o f  s o l u t e ;  
a f t e r w a r d s  t h e  s o l u t i o n  i s  a n a l y s e d .  T h is  c o u l d  be  a c h i e v e d  
in  two w a y s : —
( 1 )  The s o l u t e  may s i m p l y  be  shaken i n  a f l a s k  i n  a 
thermo s t a t .
( 2 )  The s o l v e n t  may be made t o  t r i c k l e  down a to w e r  
c o n t a i n i n g  t h e  s o l u t e ,  e q u i l i b r i u m  b e i n g  r e a c h e d  when th e  
c o n c e n t r a t i o n  o f  t h e  r e s u l t i n g  s o l u t i o n  i s  i n d e p e n d e n t  o f  t h e  
r a t e  o f  f l o w .  The s o l u b i l i t y  o f  la n tha n u m  f e r r i c y a n i d e  r e s u l t s  
o b t a i n e d  by  t h e  s e c o n d  method o f  s a t u r a t i n g  w a t e r  w i t h  p e n t a h y d r a t e  
c r y s t a l s  w ere  g i v e n  i n  T ab le  1 .  A w id e  t e m p e r a t u r e  r a n g e  was
c o v e r e d ,  and t h e  p o i n t s  l i e  on a smooth c u r v e .
The s o l u b i l i t y  c u r v e  i s  i n t e r e s t i n g  on two p o i n t s .
F i r s t l y ,  t h e  s o l u b i l i t y  a t  20°C i s  a b o u t  t h r e e  t i m e s  t h a t  g i v e n
t y  P r a n d t l  and Mohr. The r e s u l t s  i n  T ab le  1 are  a l l  r e s u l t s  o f  
at  l e a s t  two a g r e e i n g  e x p e r i m e n t s ,  and t h e  o n l y  e x p l a n a t i o n  o f
9 0 .
50th e  d i s c r e p a n c y  must  he  an e r r o r  i n  P r a n d t l  and Mohr*s r e s u l t s ;  
e i t h e r  a m i s p r i n t  i n  t h e  p a p e r ,  or t h e  o m i s s i o n  o f  t h e  v a l e n c y  
f a c t o r  o f  3 i n  t h e  c a l c u l a t i o n .  More c a n n o t  he s a i d  a s  
P r a n d t l  and Mohr g i v e  no e x p e r i m e n t a l  d e t a i l s *  A r e s u l t  o f  
the  new d e t e r m i n a t i o n  was  t o  show t h a t  s o l u t i o n  up t o  n e a r l y  
0 . 3  Normal a r e  u n s a t u r a t e d ,  and a v a i l a b l e  f o r  s t u d y .
A s e c o n d  p o i n t  o f  i n t e r e s t  i s  t h a t  t h e  s a l t  i s  f o u n d  
to  h a v e  a n e g a t i v e  t e m p e r a t u r e  c o e f f i c i e n t .  T h i s  i s  a l s o  
t r u e  o f  k a ^ S O ^ ) ^  and seems to  he a f a i r l y  common f e a t u r e  i n  
s a l t s  o f  h i g h  v a l e n c y .
(b )  THERMODYNAMIC CONSEQUENCES OP N EG-AT I'VE TEMPERATURE 
COEFFICIENTS;
I t  i s  e v i d e n t  from  t h e  n e g a t i v e  t e m p e r a t u r e  c o e f f i c i e n t  
t h a t  la n t h a n u m  f e r r i c y a n i d e  d i s s o l v e s  i n  i t s  s a t u r a t e d  s o l u t i o n  
w i t h  e v o l u t i o n  o f  h e a t .
For  a s m a l l  t e m p e r a t u r e  change  i n  a d i l u t e  s o l u t i o n  
the  e q u a t i o n ,
Log S1 -  l o g  S2 = 2V3 0 3 R ^  T2 ~  V
w i l l  he  a p p r o x i m a t e l y  v a l i d ,  a p p l i c a t i o n  o f  t h i s  t o  t h e  
m easured  s o l u b i l i t i e s  g i v e s  t h e  f o l l o w i n g  v a l u e s  o f  / \  H :
TABLE 11
TEMP. RANGE TEMP. VALUES
(IN C ) (IN  C ) ( IN  CAL)
3 4 . 5  0 . 5  and 35 - 1 9 9 4
20  0 . 5  and 20 - 1 8 4 2
15 and 35 - 2 0 2 2
15 0 . 5  and 15 - i 960
15 and 30 - 1 7 7 3
20 and 35 - 2 2 2 0
MEAN - 1 9 7 0  Cal
G r a p h i c a l  v a l u e  o f  H = - i 960 Cal o b t a i n e d  by a p l o t  
o f  l o g  S v e r s u s  l / T A °  ( F i g .  9 )  q u i t e  a g r e e s  w i t h  t h e  above  
mean v a l u e .
At e q u i l i b r i u m ,  G i s  t h e  G i b b s - H e l m h o l t z  e q u a t i o n  
e q u a l s  z e r o .
A & = A h  -  T £>■ S
For G * 0 ,  H = T & S
and a mean v a l u e  o f  ^  S f o r  t h e  s o l u t i o n  p r o c e s s  i s  - 6 . 6  Cal
per  d e g r e e .  In  t h i s  s m a l l  v a l u e  t h e  i n c r e a s e  due t o
d i s s o c i a t i o n  and t h e  d e c r e a s e  due t o  ( a d d i t i o n a l )  h y d r a t i o n
n e a r l y  b a l a n c e ,
( c )  NORMAL SOLUBILITIES;
I t  s h o u l d  be  e m p h a s i s e d  in  v i e w  o f  t h e  work on 
‘ anomalous* s o l u b i l i t i e s  t h a t  t h i s  s o l u b i l i t y  c u r v e  r e p r e s e n t s  
h i g h e s t *  c o n c e n t r a t i o n  t h a t  can be r e a c h e d  by t h e  s o l u b i l i t y  o f  
h y d r a t e  c r y s t a l s  i n  w a t e r ,  and f u r t h e r m o r e  t h a t  t h e y  c o r r e s p o n d  
in  e v e r y  way t o  a normal s a t u r a t i o n  e q u i l i b r i u m ,  b e i n g
r e p r o d u c i b l e  and u n a f f e c t e d  b y  t im e  o f  c o n t a c t .  T h i s  h a s  
a l l  b e e n  d e m o n s t r a t e d  i n  s e v e r a l  e x p e r i m e n t s .
The norm al  t i m e  r e q u i r e d  f o r  t h e  s o l v e n t  t o  g e t  
s a t u r a t e d  w i t h  s a l t  was  a b o u t  6 - 8  h o u r s  had no e f f e c t  on t h e  
s o l u b i l i t y .  A l t h o u g h  i t  h a s  a n e g a t i v e  t e m p e r a t u r e  
c o e f f i c i e n t  i t  c o r r e s p o n d s  i n  e v e r y  way t o  a norm al  s a t u r a t i o n  
e q u i l i b r i u m .  S e p a r a t e  e x p e r i m e n t s  showed t h a t ,  when a 
s a t u r a t e d  s o l u t i o n  a t  room t e m p e r a t u r e  was l e f t  f o r  a f e w  
days ,  on e v a p o r a t i o n  s a l t  was d e p o s i t e d .  The d e p o s i t i o n  o f  
t h e  s a l t  was  a l s o  n o t i c e d  when a s a t u r a t e d  s o l u t i o n  was h e a t e d .  
T hese  w e re  e n o u g h  t o  d e m o n s t r a t e  normal  b e h a v i o u r  o f  h y d r a t e d  
sam ple  o f  la n t h a n u m  f e r r i c y a n i d e .
(d )  * ANOMALOUS1 SOLUBILITIES;
To o b t a i n  s o l u t i o n s  o f  a h i g h e r  c o n c e n t r a t i o n  th a n  
t h e  norm al  s o l u b i l i t y  l i m i t ,  c h e m i c a l  r e a c t i o n  can be u s e d  
w h ic h  g i v e s  r i s e  i n  an a q u eo u s  s o l u t i o n  t o  h i g h  c o n c e n t r a t i o n s  
o f  t h e  c o n s t i t u e n t  i o n s  w h i l s t  e n a b l i n g  t h e  unwanted  
c o n s t i t u e n t  t o  be  rem oved o r  n e u t r a l i z e d .
The m e th o d s  t h a t  h a v e  b e e n  u s e d ,  and d e s c r i b e d  i n  
t h e  e x p e r i m e n t a l  s e c t i o n ,  can be summarised  a s  f o l l o w s ;
( l ) ( a )  K^Ee(CN)g — ^ H^Fe(CN)^ on i o n  e x c h a n g e r  f o l l o w e d  by
H^Fe(CN)g + f r e s h l y  p r e c i p i t a t e d  La(OH)^ * T h i s  i s  t h e  
m ost  d i r e c t  m e t h o d ,  h u t  f i n a l  n e u t r a l i z a t i o n  i s  v e r y  s l o w ,  
h e n c e  t h e  f i n a l  p r o d u c t  i s  t o o  a c i d  t o  be s u i t a b l e  f o r  
c o n d u c t i v i t y  m e a s u r e m e n t s .
( 1 ) ( b )  K ^ F e (C N )^ —rJ>H^Fe(CN)g on i o n —e x c h a n g e r  f o l l o w e d  by  
H^Fe(CN)^ + LaR^ 3 HR + LaFe(CN)^ on weak i o n - e x c h a n g e r .
The e x c h a n g e  g o e s  a l m o s t  t o  c o m p l e t i o n ,  b u t  a g a i n  
t h e  t r a c e s  o f  a c i d  r e t a i n e d  w ere  t o o  much f o r  t h e  p r e c i s e  
c o n d u c t i v i t y  m e a s u r e m e n t s .  T h i s  was a t t r i b u t e d  t o  t h e  
i n s u f f i c i e n t  w e a k n e s s  o f  t h e  c a r b o x y l i c  c a t i o n  e x c h a n g e r ,  and 
i t s  t e n d e n c y  t o  m a i n t a i n  a pH v a l u e  o f  a p p r o x .  pH = 3 
i n  e q u i l i b r i u m  w i t h  a q u e o u s  s o l u t i o n .
( 2 ) ( a )  The d o u b l e  d e c o m p o s i t i o n  m e t h o d s :  s a l t s  l i k e  
magnesium s u l p h a t e ,  s u l p h u r i c  a c i d ,  w h ic h  i n c r e a s e  t h e  
s o l u b i l i t y  o f  la n t h a n u m  f e r r i c y a n i d e  w i t h o u t  r e a c t i n g  w i t h  i t ,  
and a t  t h e  same t im e  are able to form  i n s o l u b l e  b y - p r o d u c t s  on 
a d d i t i o n  o f  an e x t e r n a l  r e a g e n t ,  l i k e  B a ( 0H)2  ^ were  u s e d  i n  
t h e  p r e p a r a t i o n  o f  more c o n c e n t r a t e d  s o l u t i o n s .  The s o l u t i o n  
t h u s  p r e p a r e d  was  n o t  e x c e p t i o n a l  i n  p o s s e s s i n g  t r a c e s  o f  
i m p u r i t y  t o  make i t u n s u i t a b l e  f o r  c o n d u c t i v i t y  m e a s u r e m e n t s .
The i d e a  c o u l d  t h e r e f o r e  be e x p l o i t e d ,  and when u s e d
c o n d u c t i m e t r i c a l l y  seems 1 °  g i v e  an e x c e p t i o n a l l y  p u re  s a m p l e .
The r e a c t i o n  in  t h e  p r o c e s s  u s e d :
( a )  MgS0^+Ba(0H)2 — Mg( 0H) 2^  + B a S 0 ^
(b )  H2 S0^+Ba(0H) 2 ----> BaSO^/ +H2 0
The p u r i t y  o f  t h e  f i n a l  s o l u t i o n  un der  t h i s  method d e p e n d s  
much upon t h e  a c c u r a c y  o f  t h e  s t o i c h o m e t r i c  q u a n t i t y  o f  t h e  j|
e x t e r n a l  r e a g e n t  a d d e d ,  w h ic h  i n  t u r n  d e p e n d s  w h o l l y  upon t h e  |
e x a c t n e s s  o f  w e i g h t s  and m e a s u r e s  and t h e  a n a l y s i s  o f  B a(0H ) 2 |
and MgSO^ o r  HgSO^ i n  t h e  s a t u r a t e d  s o l u t i o n ,  w h ich  i n  j
p r a c t i c e  seems t o  be l e s s  r e l i a b l e .
( 2 ) ( b )  T h ree  p a r t  p r e p a r a t i o n  o f  L aFe(C N )g ,  w h i c h  i n v o l v e s  t h e  j
t e c h n i q u e s  o f  i o n - e x c h a n g e  and c o n d u c t i m e t r y  i n  t h e  t h r e e  s t e p  
p r o c e s s  o f  d o u b l e  d e c o m p o s i t i o n ,  seems t o  be  p r o m i s i n g .
( 1 ) K^Fe(CN)g —^  H^Fe(CN)^ on i  o n - e x c h a n g e r
(2) 2H,Fe(CR)g+3Ba(0H)2 — > Ba,[Fe(CN)g]2+6H20 oonduotimetrioaUy ;
(3) Ba3 [Fe(CN)g ]2+La2 (S0^)3— > 2LaFe(CN)g+3BaS0^y !■
conduc tim e tr ic a lly
P u r i t y  o f  t h e  f i n a l  s o l u t i o n  was b e y o n d  s u s p i c i o n ,  a s  was
e s t a b l i s h e d  b y  a n a l y s i s ;  c o n d u c t i v i t y  v a l u e s  o b t a i n e d  were
'
e x c e p t i o n a l l y  g o o d .
A l l  t h e s e  m e th o d s  g i v e  r i s e  t o  s o l u t i o n s  o f  f a r  h i g h e r
c o n c e n t r a t i o n  th a n  norm al  s o l u b i l i t y ,  and t h e  s o l u t i o n s  o b t a i n e d
> ' . | 
are a l l  s t a b l e  i n  t h e  p r e s e n c e  o f  p e n t a h y d r a t e  c r y s t a l s .  I t  h a s
b een  d e m o n s t r a t e d ,  t h e r e f o r e ,  t h a t  t h e r e  i s  a w id e  c o n c e n t r a t i o n  
r a n g e  e x t e n d i n g  from  a b o u t  0 . 1  t o  0 . 4  m o l a r ,  or  e v e n  h i g h e r  
a t  o r d i n a r y  t e m p e r a t u r e  o f  s o l u t i o n s ,  w h ic h  o b e y  t h e  norm al  
t e s t  o f  a s a t u r a t e d  s o l u t i o n .  Over t h e  w h o le  o f  t h i s  r a n g e  
t h e  d i s s o l v e d  s a l t  must have  a c o n s t a n t  a c t i v i t y  and c h e m i c a l  
p o t e n t i a l  e q u a l  t o  t h a t  o f  t h e  s o l i d  s a l t .  I t  was o b v i o u s l y
■Bi m p o r t a n t  t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n  l i m i t s  o f  t h i s  r a n g e .
The l o w e r  l i m i t  seems t o  be  i d e n t i c a l  w i t h  t h e  ‘ normal*  
s o l u b i l i t y ,  b e c a u s e  a c o n c e n t r a t e d  s o l u t i o n  c o u l d  be d i l u t e d  
down t o *  and t h r o u g h ,  t h e  ‘ normal*  s o l u b i l i t y  v a l u e ,  and t h e  
c o n d u c t i v i t i e s  o b t a i n e d  a t  th e  end o f  such a run c o i n c i d e d ,  
w i  t„h t h e  e x p e r i m e n t a l  e r r o r s  i n e v i t a b l e  i n  su ch  a d i l u t i o n  
t e c h n i q u e ,  w i t h  t h e  c o n d u c t i v i t i e s  o b t a i n e d  f o r  t h e  norm al  
u n s a t u r a t e d  s o l u t i o n s .  T here  a p p e a r s  t o  be  smooth and  
un broken  t r a n s i t i o n  i n  p r o p e r t i e s * t h e r e f o r e , b e t w e e n  normal  
u n s a t u r a t e d  s o l u t i o n s  and t h e  ‘ anom alous*  s o l u t i o n s  o f  h i g h e r  
c o n c e n t r a t i o n ,  and t h e  l a t t e r  can  be  c o n v e r t e d  i n t o  t h e  f o r m e r  
w i t h o u t  any  d i f f i c u l t y  by  t h e  a d d i t i o n  o f  w a t e r ,  w h e r e a s  t h e  
r e v e r s e  p r o c e s s  ( t h e  a d d i t i o n  o f  s o l u t e  by  t h e  d i s s o l u t i o n  o f  
s o l i d  s a l t )  i s  p r e v e n t e d .
At t h e  o t h e r  e x t r e m e ,  t h e r e  i s  c e r t a i n l y  a s o l u b i l i t y  
l i m i t  a t " t h e  u p per  end o f  t h e  ‘ anom alous*  s o l u t i o n  r a n g e .
I f  s u f f i c i e n t l y  c o n c e n t r a t e d  s o l u t i o n s  o f  la n t h a n u m  and
f e r r i c y a n i d e  i o n s  a r e  m i x e d ,  t h e r e  i s  a l w a y s  im m ed ia te  
f o r m a t i o n  o f  p e n t a h y d r a t e  c r y s t a l s ,  a n d , i f  t h e  c o n c e n t r a t i o n s  
a re  n o t  s u f f i c i e n t l y  h i g h  f o r  t h i s  t o  o c c u r ,  c r y s t a l l i s a t i o n  j
w i l l  o c c u r  on warming t h e  s o l u t i o n .  Tuchmann came t o  s i m i l a r  
c o n c l u s i o n s .  I t ,  t h e r e f o r e ,  seems t h a t  t h e  upper  s o l u b i l i t y  
cu r v e  a l s o  h a s  a n e g a t i v e  t e m p e r a t u r e  c o e f f i c i e n t .
I t  m ig h t  be  t h o u g h t  t h a t  t h e  u p per  s o l u b i l i t y  l i m i t  
c o u l d  be  o b t a i n e d  b y  f i l t e r i n g  su c h  s o l u t i o n s  from  t h e  
p r e c i p i t a t e d  c r y s t a l s ,  and a n a l y s i n g  t h e  f i l t r a t e .  Such a 
p r o c e d u r e  g i v e s  c o n c e n t r a t i o n s  v a r y i n g  o v e r  q u i t e  w id e  l i m i t s ,  
h o w e v e r .  T h i s  i s  i n e v i t a b l e ,  b e c a u s e  i n  a c h e m i c a l  method  
o f  p r e p a r a t i o n ,  t h e  f i n a l  a d d i t i o n  i s  bound to  p r o d u c e  h i g h  
l o c a l  c o n c e n t r a t i o n s  b e f o r e  m ix i n g  i s  a c h i e v e d ,  and t h e  amount  
o f  c r y s t a l s  throw n down a t  t h i s  s t a g e  o f  t h e  p r e p a r a t i o n  c a n n o t  
be c o n t r o l l e d ,  and v a r y  from  one e x p e r i m e n t  t o  a n o t h e r .  Such  
c r y s t a l s  w i l l  n o t  r e —d i s s o l v e ,  s i n c e  a l l  s o l u t i o n s  i n  t h e  
‘a n o m a lo u s  s o l u t i o n *  r a n g e  a r e  i n  a p p a r e n t  e q u i l i b r i u m  w i t h  t h e  I
c r y s t a l l i n e  s a l t .
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( I I )  SPECTROPHOTOMETRY
51
I t  h a s  b e e n  shown h y  Fromherz  and Lih t h a t  l e a d  
p e r c h l o r a t e  obeys  B e e r ’ s la w  and i s  c o m p l e t e l y  u n d i s s o c i a t e d .  
They c o u l d  s t u d y  q u a n t i t a t i v e l y  t h e  i o n - p a i r  f o r m a t i o n  i n  l e a d  
c h l o r i d e  w i t h  t h e  a i d  o f  t h e  s p e c t r o p h o t o m e t r i e  m e a su r em e n ts
o f  m i x t u r e s  o f  l e a d  c h l o r i d e  and l e a d  p e r c h l o r a t e .
52
G-imblett  and Monk e x p e r i e n c e d  t h e  i m p o s s i b i l i t y  
o f  d e t e r m i n i n g  t h e  a b s o r p t i o n  c o e f f i c i e n t  o f  t h e  i o n s  under  
i n v e s t i g a t i o n  b y  o b s e r v a t i o n s  on a c o m p l e t e l y  d i s s o c i a t e d  s a l t .  
In t h e i r  work on t h i o s u l p h a t e s  t h e y  f o u n d  t h a t  e v en  d i l u t e  
s o l u t i o n s  o f  sod ium  and p o t a s s i u m  t h i o s u l p h a t e s  showed c l e a r  
e v i d e n c e  o f  i o n —p a i r i n g .  The f i r s t  s t e p  i n  t h e i r  work was t o  
m ea su re  t h e  o p t i c a l  d e n s i t i e s  o f  s e r i e s  o f  s o l u t i o n s  c o n t a i n i n g  
a f i x e d  c o n c e n t r a t i o n  a b o u t  0 .001M  o f  sodium or  p o t a s s i u m  
t h i o s u l p h a t e ,  and i n c r e a s i n g  c o n c e n t r a t i o n  o f  NaCl o r  
p e r c h l o r a t e .  The p r e s e n t  work , s p e c t r o p h o t o m e t r y  was  
e x p l o r a t o r y ,  w i t h  t h e  main o b j e c t  o f  s e e i n g  w h e t h e r  lan th an u m  
f e r r i c y a n i d e  i o n —p a i r s  c o u l d  be d e t e c t e d  and p e r h a p s  e s t i m a t e d  
i n  t h e  way m e n t i o n e d  a b o v e .
F i r s t  t h e  o p t i c a l  a b s o r p t i o n  o v e r  t h e  w h o le  w a v e l e n g t h  
ra n g e  was  o b t a i n e d  f o r  0 .001M K^Fe(CN)^ and 0 .001M LaFe(CN)^.
In F i g .  3 f  I  and I I  showed t h a t  ( a l l o w i n g  f o r  a p o s s i b l e  s l i g h t  
s h i f t  i n  t h e  z e r o )  t h e  a b s o r p t i o n  was  a l m o s t  i d e n t i c a l  f o r  b o t h ,  
and was f a i r l y  h i g h  o v e r  t h e  w h o le  r a n g e  o f  w a v e l e n g t h  from  
200~450m(i .  The l a t t e r  f a c t  was r a t h e r  e m b a r r a s s i n g ,  a s  i t  
meant t h a t  r e a s o n a b l e  c o n c e n t r a t i o n s  o f  f e r r i c y a n i d e  s o l u t i o n s  
c o u l d  o n l y  be  s t u d i e d  o v e r  s m a l l  p a t h s ,  i . e . ,  i n  s p e c i a l l y  
c a l c u l a t e d  m i c r o c e l l s .
The two s p e c t r a  a p p e a r e d  t o  d i f f e r  s l i g h t l y  a t  t h e
! ;
s h o r t  end o f  t h e  w a v e l e n g t h  r a n g e ,  and i t  was d e c i d e d  t o  s t u d y  
more c l o s e l y  a s e r i e s  o f  m i x t u r e s  o f  LaGl^ and K^Fe(CN)^ i n  
t h i s  r a n g e .  The i n t e r p r e t a t i o n  o f  such  m e a s u r em e n t s  w ould  
r e q u i r e  i n f o r m a t i o n  a b o u t  t h e  a b s o r p t i o n  o f  LaCl^ i t s e l f ,  
w h ic h  i s  b e c o m in g  a p p r e c i a b l e  i n  t h i s  r e g i o n ,
LaCl^ s o l u t i o n s  up t o  a c o n c e n t r a t i o n  o f  U.1M were  
s t u d i e d  i n  t h e  S p . 5 0 0  i n s t r u m e n t .  A b s o r p t i o n  i s  c o n f i n e d  to
th e  r e g i o n  b e l o w  a b o u t  230  mji, and t h e  main r e s u l t  was t o  show 
t h a t  when a l l o w a n c e  i s  made f o r  t h e  l a r g e  c e l l  c o r r e c t i o n ,  
th e  a b s o r p t i o n  ( a b o v e  = 210  mjj) i s  much t o o  s m a l l  b e l o w  
0.01M t o  a f f e c t  t h e  r e s u l t s  f o r  m i x t u r e s  o f  LaCl^ and K^Fe(CN)^ .
An i n t e r e s t i n g  * s i d e - l i n e * ,  h o w e v e r ,  was t h e  d i s c o v e r y  t h a t  t h e  
Beer  Lambert l a w  i s  n o t  o b e y e d  i n  t h i s  s p e c t r a l  r e g i o n  ( g r a p h  1 0 ) .  
Over t h i s  r a n g e  o f  w a v e l e n g t h s ,  o p t i c a l  d e n s i t y  a g a i n s t  m o la r  
c o n c e n t r a t i o n  d o e s  n o t  g i v e  s t r a i g h t  l i n e  g r a p h s .  T here  i s  a
1 0 0
t e n d e n c y  f o r  t h e  o p t i c a l  d e n s i t y  c u r v e  t o  f a l l  away w i t h
i n c r e a s i n g  c o n c e n t r a t i o n ,  and t h i s  seems m ost  marked a t
!X = 2 2 5  mji, when t h e  r e a d i n g  i s  a c t u a l l y  s m a l l e r  a t  0.1M th a n
+2a t  0 .0 5 M .  The e f f e c t  may h e  due t o  i o n - p a i r i n g ,  t h e  LaClg  
i o n  h a v i n g  a l o w e r  ( o r  z e r o )  a b s o r p t i o n  round  a b o u t  t h i s  
w a v e l e n g t h .
TABLE 12
SOLVENT CORRECTED VALUES D/M FOR LANTHANUM CHLORIDE
MOLAR CONC. 
(MOLES/LITRE)
230
d/ m
225
D/M
2 20
D/M
215
D/M
0 . 1 0 . 3 8 0 . 4 0 1 . 0 5 1 . 9
0 . 0  5 0 . 3 6 1 . 2 4 1 . 8 8 2 . 9
0 . 0 3 7 5 0 . 5 1 0 . 8 3 ■I. 6 0 2 . 4 8
The v a l u e s  a r e  v e r y  i r r e g u l a r ,  and t h i s  i s  p r o b a b l y  
due t o  t h e  e x t r e m e l y  l a r g e  and u n e x p l a i n e d  s o l v e n t - c e l l  
c o r r e c t i o n .  N e v e r t h e l e s s ,  i t  seems s i g n i f i c a n t  t h a t  D/M 
s h o u l d  f a l l  so m a r k e d ly  b e tw e a n  O.OfjMand 0.1M a t  e a c h  wave l e n g t h
1 0 1 .
The s o l v e n t  c o r r e c t e d  r e a d i n g s  f o r  m i x t u r e s  o f  L a C l ,
j
and K^Fe(CN)^ s o l u t i o n s  a r e  g i v e n  i n  t h e  e x p e r i m e n t a l  p a r t .
The r e a d i n g s  f o r  1 0 0 % LaCl^ a re  i n s i g n i f i c a n t ,  a s  they' s h o u ld  
b e .  F or  t h e  o t h e r  r e a d i n g s  /s. i s  c a l c u l a t e d  a s  f o l l o w s  :
—3
A = R e a d i n g  -  ( R e a d i n g  f o r  100/t Fe (C N )g  X ( f r a c t i o n  o f
K^Fe(CN)^ p r e s e n t )
TABLB 13
OPTICAL DENSITY OF La*^ FRACTION 
IN MIXTURE OF 0 .0001M  K^Fe(CN)g AND 0 .0001M  L aC l3
% LaCl^ IN MIXTURE A 230 A 225 £>220 A 215 A 210
80 0 . 0 0 5 0 . 0 0 8 0 . 0 0 7 0 . 0 0 3 0 . 0 1 2
50 0 . 0 1 3 0 . 0 0 8 0 . 0 1 4 0 . 0 0 7 0 . 0 0 4
20 0 . 0 0 8 0 . 0 0 0 . 0 0 9 0 . 0 0 3 0 . 0 1 0
I f  t h e  La and Fe(CN)^ r a d i c a l s  r e a c t  i n  1 : 1  r a t i o ,  
i o n - p a i r s  w i l l  be  a minimum i n  t h e  5 0 : 5 0  m i x t u r e ,  and s o ,  
t h e r e f o r e  w i l l  be any e f f e c t  t h e y  e x e r t  on t h e  a b s o r p t i o n .
T h i s  i s  s u p p o r t e d  b y  t h e  A l S i n  t h e  a b o v e  t a b l e .  The r e a d i n g s  
a t  X s  225  mjj seem o u t  o f  l i n e ,  b u t  a l l  t h e  o t h e r s  show an 
a p p r o x i m a t e l y  e q u a l  v a l u e ,  f o r  t h e  4 : 1  and 1 : 4  m i x t u r e s ,  and a
much l a r g e r  change f o r  th e  1 : 1  m ix t u r e .  T h is  i s  an i n c r e a s e  
( h i g h e r  a b s o r p t i o n  by i o n —p a i r s )  i n  t h e  ra n g e  2 3 0 - 2 1 5  mji, "but 
t h e  work d o e s  seem t o  show, t h e r e f o r e ,  t h a t  i o n —p a i r i n g  d o es  
o c c u r ,  and d o e s  produce  an e f f e c t  on th e  a b s o r p t i o n  spectrum  
o f  th e  s o l u t i o n .  I t  i s  not  a s e n s i t i v e  method o f  s t u d y i n g  
th e  s y s t e m ,  h o w ev er ,  b e c a u s e  t h e  a b s o r p t i o n  o f  t h e  f e r r i c y a n i d e  
io n  i t s e l f  i s  so h ig h  o v er  th e  whole  U.V.  r a n g e .  The method  
was t h e r e f o r e  n o t  a s u i t a b l e  one f o r  a more e x te n d e d  s tu d y .
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( X I I )  OSMOMETRY
A m e c h r o la b  V . P .  osmometer  model  301A works  on 
t h e  p r i n c i p l e  o f  v a p o u r  p r e s s u r e  l o w e r i n g .  The two t h e r m i s t o r  
b e a d s  f o r m i n g  two arms o f  a W h e a t s t o n e  b r i d g e  are  s u s p e n d e d  
i n  a s a t u r a t e d  s o l v e n t  a t m o s p h e r e  i n  a chamber whose  
t e m p e r a t u r e  i s  v e r y  c a r e f u l l y  c o n t r o l l e d .  The b r i d g e  i s  
b a l a n c e d  w i t h  s o l v e n t  d r o p s  on b o t h  b e a d s  and t h e n  t h e  s o l v e n t  
on one b e a d  i s  r e p l a c e d  by a drop o f  s o l u t i o n .  C o n d e n s a t i o n  
f rom  t h e  s a t u r a t e d  a t m o s p h e r e  warms t h e  b e a d ,  t h u s  c h a n g i n g  
r e s i s t a n c e  and u n b a l a n c i n g  t h e  b r i d g e .  The e x p e r i m e n t a l l y  
o b s e r v e d  q u a n t i t y  i s  t h e  amount o f  re  s i  s t a n c e ' change  r e q u i r e d  
t o  r e b a l a n c e  t h e  b r i d g e ,  w h ic h  can be r e l a t e d  t o  t h e  
t e m p e r a t u r e  ch an ge  o f  t h e  b e a d .  T h i s  t e m p e r a t u r e  ch a n g e  i n  
t u r n  i s  r e l a t e d  t o  t h e  p r o p e r t i e s  o f  t h e  s o l u t i o n .  The 
a c c u r a c y  o f  r e s u l t s  w i t h  t h e  i n s t r u m e n t  d e p e n d s  on t h e  
m o l e c u l a r  w e i g h t  o f  t h e  s o l u t e ,  and on t h e  s o l v e n t  u s e d .
W ith  a q u e o u s  s o l u t i o n s  t h e  h i g h  h e a t  o f  v a p ~  o f  w a t e r  
r e d u c e s  t h e  s e n s i t i v i t y ;  b u t  w i t h  a d i s s o c i a t i n g  s u b s t a n c e  
o f  f a i r l y  low  m o l e c u l a r  w e i g h t ,  such a s  LaFe(CN)^ ,  i s  b e l i e v e d  
t h a t  a p r e c i s i o n  o f  a p p r o x i m a t e l y  1% can be  a t t a i n e d .
3 3Burge h a s  t e s t e d  t h e  a s s u m p t i o n  made,  t h a t  t h e  
m easu red  r e s i s t a n c e  c h a n g e  i s  p r o p o r t i o n a l  t o  t h e  c h a n g e  i n
the c h e m ic a l  p o t e n t i a l  o f  th e  s o l v e n t ,  and hence to  t h e  l o g
a c t i v i t y  o f  s o l v e n t ,  or o s m o t ic  c o e f f i c i e n t  o f  s o l u t e .  He
conf irm ed  t h i s  s a t i s f a c t o r i l y  f o r  some s a l t  s o l u t i o n s .
I t  seems l i k e l y  t h a t  th e  h e a t i n g  w f f e c t  would depend
p r i m a r i l y  on vapour p r e s s u r e  d i f f e r e n c e s  and would he dependant
on t h e  a c t i v i t y ,  r a t h e r  than l o g  a c t i v i t y  o f  th e  s o l v e n t .  For
t h i s  r e a s o n  a s e r i e s  o f  measurements  were made w i t h  KC1 s o l u t i o n s
of  0 .1M -0.5M , c o v e r i n g  any range l i k e l y  t o  he s t u d i e d  in  l a t e r
m easurem ents .  I t  was found t h a t  the c u r v e s  o f  / \  R a g a i n s t
a , and l o g  a . were b o th  so n e a r l y  l i n e a r  t h a t  n e i t h e r  w ater  w ater
could  be c l e a r l y  p r e f e r r e d  (graph  1 1 ) .  Burge*s a s su m p t io n  was 
t h e r e f o r e  a c c e p t e d .
A second p r e l i m i n a r y  q u e s t i o n  t h a t  was s t u d i e d  was 
whether v a l u e s  ta k en  a f t e r  two m in u te s  e q u i l i b r a t i o n  t i m e ,  
or 3 ,  or 4- m in u te s  were th e  more r e l i a b l e .  From th e  s ta n d a r d i s in g  
e x p e r im e n ts  w i th  KC1 and t e s t i n g  th e  r e l a t i o n  
AyS. = K(Qm2 ) or  K = / ^ R / ( Q m 2 )
A s ta n d a r d  graph o s m o t i c  c o e f f i c i e n t s  a g a i n s t  m o l a r i t y  was
54. *
c o n s t r u c t e d  u s i n g  d a ta  from Robinson and S t o k e s  and o s m o t ic
c o e f f i c i e n t s  were read  f o r  the  e x p e r i m e n t a l  v a l u e s .  The above
r e l a t i o n  was t h u s  s t u d i e d .
TABLE 1 4  
STUDY OF THE RELATION K = . R / ( Q m )
RUN m
1m2 Q°-Q A . R 2/Qm A  R^/Qm A \ / Q m
A 0 . 0 0 1 3 8 1 0 . 0 3 7 1 6 0 . 0 1 2 3 110 103 8 4 . 3
B 0 . 0 0 2 8 1 6 0 . 0 5 3 0 7 0 . 0 1 8 6 ( 6 1 . 5 ) ( 5 4 . 3 ) ( 4 -8 .3 )
C 0 . 0 0 8 5 8 3 0 . 0 9 6 2 4 0 . 0 3 1 9 149 141 137
D 0 . 0 1 2 4 7 0 . 1 1 1 2 0 , 0 3 5 9 125 121 118
E 0 . 0 1 3 5 4 0 . 1 1 6 4 0 . 0 3 7 1 117 112 109
E 0 . 0 4 9 4 9 0 . 2 2 2 5 0 . 0 5 8 5 121 120 119
Gr 0 . 0 7 2 5 6 0 . 2 6 9 4 0 . 0 6 6 1 124 123 122
H 0 . 1 0 1 3 0 . 3 1 8 2 0 . 0 7 2 9 129 129 128
Mean 125+9 121+8 117+11
T here  i s  l i t t l e  t o  c h o o s e  b e t w e e n  2 ,  3 or 4  m in u te  
r e a d i n g s ,  b u t  t h e  u n c e r t a i n  e v i d e n c e  from r u n  A a b o v e  s u g g e s t s  
t h a t  two m in u te  r e a d i n g  g i v e s  l o w - c o n c e n t r a t i o n  r e s u l t s  n e a r e r  
t o  t h e  f a i r l y  c o n s t a n t  v a l u e s  a t  h i g h  c o n c e n t r a t i o n s .
The f i g u r e s  s u g g e s t  t h a t  0 .01m  i s  t h e  low  l i m i t  f o r  f a i r l y  
a c c u r a t e  r e s u l t s *  Thus i t  a p p e a r e d  t h a t  t h e r e  was l i t t l e  t o  
c h o o s e ,  b u t  t h a t  a t  low  c o n c e n t r a t i o n s  t h e  r e s u l t s  co n fo r m e d
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s l i g h t l y  b e t t o r  w i t h  t h o s e  a t  h i g h e r  c o n c e n t r a t i o n s  i f  the  two 
minute v a l u e s  were u s e d .  These were t h e r e f o r e  u sed  w i t h  
A R = 1 2 5 ( 9 m2)  • A s e r i e s  o f  measurements  were made on 
LaFe(CN)g s o l u t i o n s  p rep a red  from t h e  pure s a l t  in  w a t e r .  These  
e x te n d  a lm o s t  up t o  the  s a t u r a t e d  s o l u t i o n .  A l l  t h e s e  r e s u l t s  
and th e  (Sj v a l u e s  d e r i v e d  from are  shown in  Table  15 and p l o t t e d  
in  g r a p h l l A a g a i n s t  molar c o n c e n t r a t i o n . Some measurements  were 
a l s o  made on th e  s p e c i a l l y  p r ep a r ed  " s u p e r s a t u r a t e d  s o l u t i o n s " ,  
but t h e s e  are  n o t  shown i n  graphUA and are  th o u g h t  to  be 
u n r e l i a b l e  f o r  t h e  f o l l o w i n g  r e a s o n .
In t h e  normal u se  o f  t h e  i n s t r u m e n t ,  th e  h e a t i n g  e f f e c t  
i s  a com plex  r e s u l t  o f  vapour c o n d e n s in g  on t h e  s o l u t i o n ,  t h u s  
l o w e r i n g  th e  a c t i v i t y  o f  s o l u t e  i n  t h e  s u r fa c e  l a y e r ,  f o l l o w e d  
by d i f f u s i o n  th ro u g h  th e  s u r fa c e  f i l m  and m ix ing  w i t h  t h e  
U n d e r ly in g  s o l u t i o n  th us  m a i n t a i n i n g  t h e  p r o c e s s  o f  c o n d e n s a t i o n .  
On a s u p e r s a t u r a t e d  s o l u t i o n ,  h o w ev er ,  c o n d e n s a t i o n  d oes  not  
im m e d ia te ly  lo w er  t h e  s o l u t e ! s a c t i v i t y  and w i l l  p r o c e e d  more 
r e a d i l y  than in  th e  p r e v i o u s  c a s e .  The r a t e  o f  e v o l u t i o n  o f  
l a t e n t  h e a t  w i l l  t h e r e f o r e  be a b n o rm a l ly  h i g h ,  and th e  r e s u l t s  
w i l l  n o t  be comparable  w i t h  t h o s e  o b t a in e d  i n  normal  
s o l u t i o n s ,  such as  t h o s e  u sed  f o r  c a l i b r a t i o n .
I t  i s  d e s i r a b l e  t o  c o n v e r t  the  measured o s m o t ic
MOLAR OSMOTIC COEFFICIENTS OF LANTHANUM FERRICYANIDE
RUN m
•5
@m, 10 ? 1 - 9 N) m \fm^
A 0 . 0 0 1 7 0 1 0 . 2 7 2 . 1 6 1 . 2 7 0 . 0 4 1 2 5 mm
O.OO6 I 67 0 . 5 6 4 . 4 8 0 . 7 2 6 5 0 . 2 7 3 5 0 . 0 7 8 5 4 3 . 4 8 2
0 . 0 1 4 7 2 1 . 1 0 8 . 8 0 0 . 5 9 7 8 0 . 4 0 2 2 0 . 1 2 1 3 3 . 3 1 4
0 . 0 2 0 4 5 1 . 6 1 5 1 2 . 9 2 0 . 6 3 1 9 0 . 3 6 8 1 0 . 1 4 3 0 2 . 5 7 3
0 . 0 3 7 0 5 2 . 5 5 5 2 0 . 4 4 0 . 5 5 1 5 0 • 4 4 8  5 0 . 1 9 2 5 2 . 3 3 0
0 . 0 6 0 1 3 3 . 8 0 3 0 . 4 0 0 . 5 0 5 6 0 . 4 9 4 4 0 . 2 4 5 2 2 . 0 1 6
0 . 0 6 6 2 1 4 . 1 1 3 2 . 8 8 0 . 4 9 6 6 0 . 5 0 3 4 0 . 2 5 7 3 1 . 9 5 6
B 0 . 0 0 2 5 3 9 0 . 3 2 5 2 . 6 0 1 . 0 2 4 _
0 . 0 0 9 1 6 1 0 . 7 8 5 6 . 2 8 0 . 6 8 5 7 0 . 3 1 4 3 0 . 0 9 5 9 4 3 . 2 7 5
0 . 0 1 7 1 6 I . 2 9 1 0 . 3 2 0 . 6 0 1 5 0 . 3 9 8 5 0 . 1 3 1 0 3 . 0 4 2
0 . 0 2 6 1 4 1 . 8 1 1 4 . 4 8 0 . 5 5 3 9 0 . 4 4 6 1 O . I 6I 6 2 . 7 5 8
0 . 0 3 7 6 6 2 . 4 8 1 9 . 8 4 0 . 5 2 6 7 0 . 4 7 3 3 0 . 1 9 4 1 2 . 4 3 9
0 . 0 4 4 6 9 2 . 9 0 5 2 3 . 2 4 0 . 5 2 0 0 0 . 4 8 0 0 0 . 2 1 1 3 2 . 2 7 1
C 0 . 0 1 2 0 5 1 . 0 0 8 . 0 0 0 . 6 6 3 9 0 . 3 3 6 1 0 . 1 0 9 7 3 . 0 6 1
0 . 0 2 2 3 6 1 . 6 3 5 1 3 . 0 9 0 . 5 8 5 3 0 . 4 1 4 7 0 . 1 4 9 6 2 . 7 7 3
0 . 0 2 3 9 6 1 . 8 3 1 4 . 6 4 0 . 6 1 1 0 0 . 3 8 9 0 0 . 1 5 4 8 2 . 5 1 3
0 . 0 5 5 1 6 3 . 4 4 5 2 7 . 5 7 0 . 4 9 9 7 0 . 5 0 0 3 0 . 2 3 4 9 2 . 1 3 0
0 . 0 5 9 6 9 3 . 5 9 2 8 . 7 2 0 . 4 8 1 1 0 . 5 1 8 9 0 . 2 4 4 3 2 . 1 1 8
0 . 0 6 7 8 0 4 . 0 2 3 2 . 1 6 0 . 4 7 4 3 0 . 5 2 5 7 0 . 2 6 0 4 2 . 0 1 9
0 . 0 7 3 8 6 4 . 3 4 5 3 4 . 7 6 0 . 4 7 0 6 0 . 5 2 9 4 0 . 2 7 1 8 1 . 9 4 7
0 . 0 7 7 4 3 4 . 5 8 5 3 6 . 6 8 0 . 4 7 3 9 0 . 5 2 6 1 0 . 2 7 8 3 1 . 8 9 1
0 . 0 7 7 5 9 4 . 6 2 5 3 7 . 0 0 0 . 4 7 6 8 0 . 5 2 3 2 0 . 2 7 8 6 1 . 8 7 8
0* 0 7 9 3 4 4 . 6 3 5 3 7 . 0 9 0 . 4 6 7 4 0 . 5 3 2 6 0 . 2 8 1 7 1 . 8 9 1
0 . 0 8 0 1 5 4 . 8 1 5 3 8 . 5 1 0 . 4 8 0 5 0 . 5 1 9 4 0 . 2 8 3 1 1 . 8 3 4
D 0 . 0 2 6 9 6 1 . 9 2 1 5 . 3 6 0 . 5 6 9 7 0 . 4 3 0 3 0 . 1 6 4 3 2 . 6 2 0
From 0 . 0 7 3 7 9 4 . 9 7 5 3 9 . 5 0  . 0 . 5 3 5 3 0 . 4 6 4 7 O. 2 7 1 6 1 . 7 H
cone. 0 . 0 7 8 9 0 5 . 5 8 4 4 . 6 4 0 . 5 6 5 7 0 . 4 3 4 3 0 . 2 8 0 9 1 . 5 4 6
so ln . 0 . 0 8 4 0 1 5 . 2 4 4 1 . 9 2 0 . 4 9 8 9 0 . 5 0 1 1 0 . 2 8 9 8 1 . 7 2 9
0 . 0 9 4 2 4 6 . 3 4 5 5 0 . 7 6 0 . 5 3 8 6 0 . 4 6 1 4 0 . 3 0 7 0 1 . 5 0 3
0 . 1 4 3 9 9 . 5 9 7 6 . 7 2 0 . 5 3 8 2 0 • 4 6 6 8 0 . 3 7 9 3 1 . 2 3 0
0 . 2 1 1 1 1 4 . 6 7 1 1 7 . 3 6 0 , 5 5 5 9 0 •4 4 4 1 0 . 4 5 9 5 0 . 9 6 6 5
E 0 . 0 4 6 5 4 3 . 7 6 5 3 0 . 1 2 0 . 6 4 7 1 0 . 3 5 2 9 0 . 2 1 5 7 1 . 6 3 3 6
0 . 0 6 7 5 4 5 . 2 3 4 1 . 8 4 0 . 6 1 9 4 0 . 3 8 0 6 0 . 2 5 9 9 1 . 4 6 4
0 . 1 0 2 2 7 . 6 1 5 6 0 . 9 2 0 . 5 9 6 1 0 . 4 0 3 9 0 . 3 1 9 7 1 . 2 6 3
0 . 1 3 2 2 9 . 8 4 5 7 8 . 7 6 0 . 5 9 5 7 0 . 4 0 4 3 0 . 3 6 3 7 1 . 1 1 2
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1 1 1 .
c o e f f i c i e n t s  i n t o  a c t i v i t y  d a t a .  For  t h i s  t h e  G ib b s —Duhem 
e q u a t i o n  must  be u s e d .
- 5 5 - 5 1  d l n & w  =m v d l n ( y  + m) 
where  m i s  t h e  number o f  m o l e s  o f  s o l u t e  i n  55* 5 1 (lOOOgm) o f  
w a ter ,O ^ w  i s  t h e  a c t i v i t y  o f  t h e  w a t e r ,  t h e  mean a c t i v i t y  
c o e f f i c i e n t  o f  t h e  s a l t  and y =• 2 i s  t h e  number o f  i o n s  i n t o  
w h ic h  a m o l e c u l e  o f  t h e  l a t t e r  d i s s o c i a t e s .  We t h e r e f o r e  
have m
1 d 1 o w . . . .  . . . . .  ( l )
m o
and t h i s  can be  i n t e g r a t e d  by  p l o t t i n g  l o g  co.w a g a i n s t  ~  , 
and e s t i m a t i n g  t h e  a r e a  u n d er  t h e  curve?  Dogc^ w v a l u e s  c o u l d  a l s o  
be d i r e c t l y  o b t a i n e d  f r o m  t h e  e x p e r i m e n t a l  r e s u l t s  by t h e  
d e f i n i t i o n  o f  t h e  o s m o t i c  c o e f f i c i e n t .
ymq = - 5 5 . 5 1  ln(&w
There  a r e  o t h e r ,  and p o s s i b l y  b e t t e r  m eth o d s  o f  c a r r y i n g  o u t  t h e  
i n t e g r a t i o n ,  h o w e v e r .  The G ib b s —Duhem e q u a t i o n  may be w r i t t e n  
i n  t e r m s  o f  t h e  o s m o t i c  c o e f f i c i e n t  
ym© = Tmd ln ( y + m )  
and t h i s  may be  t r a n s f o r m e d  i n t o  
(Q—1) Is  + dQ = dlny+ 
w h ich  on i n t e g r a t i o n  g i v e s ^
l n y +  = ( q - 1 )  + J  
-  l o g ( y + m )  = 2 7 . 7 6  j
o r  lnY+.
or
For u s e  w i t h  e q u a t i o n  ( 2 ) ,  t h e  Debye and H u c k e l  l i m i t i n g  law  
. ,  . . , .  ,  « 0—1 . E q u a t i o n  1 and 2 were■nT>nvi n o a » I i rm  r i n i ?  irtil no  n f  *
a p p l i e d  t o  t h e  s t a n d a r d  f i g u r e s  f o r  KC1 and CaClg* E q u a t io n  2 
gave  a l m o s t  s t r a i g h t  l i n e s ,  and c l e a r l y  e n a b l e d  t h e  i n t e g r a t i o n  
t o  be  c a r r i e d  o u t  more a c c u r a t e l y *  I t  was  d e c i d e d  t o  a d o p t  t h e  
method f o r  LaFe(CN)g* The p ro b lem  h e r e  was more d i f f i c u l t ,  
however*  The osm om eter  r e s u l t s  became v e r y  u n c e r t a i n  b e l o w  
0 .01M , and i t  seemed n e c e s s a r y  t o  b e g i n  t h e  i n t e g r a t i o n  a t  t h i s  
p o i n t  u s i n g  e q u a t i o n  ( 2 )  i n  t h e  form ( l ) .
t o  be  d e t e r m i n e d *  T h i s  l i e s  w i t h i n  t h e  r a n g e  s t u d i e d  by  
D a v i e s  and J a m e s ,  and i t  was assum ed t h a t  up t o  t h i s  c o n c e n t r a ­
t i o n  t h e  s i m p l e  i o n —p a i r i n g  e q u i l i b r i u m  c o u l d  be a p p l i e d  w i t h
and i t  was  a s su m e d  t h a t  t h e  mean i o n i c  a c t i v i t y  c o e f f i c i e n t  
was g i v e n  by  t h e  e q u a t i o n :
In  y O .01 -  lnym
The v a l u e  o f  Yq . q  ^ ( o r  a±  0 01^ = Y0"01 X ^ad " th ere fore
K = [  L &+3 ] .  ( F e ( C N ) g 3 ^
.S where  K = 1 . 8 2  x  10 ^
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2 2 L.where  I  = 9a»m and f  +g m = 1 , 8 2  x  10- . . . . .  . . . .  ( 3 )
f o r  a g i v e n  v a l u e  o f  am, I  c o u l d  he c a l c u l a t e d  and h e n c e  f  
S u b s t i t u t i o n  i n  e q u a t i o n  ( 3 )  t h e n  g i v e s  a / ( l —$ )  and h e n c e  a •
The v a l u e  o f  ( f  am) = a i s  t h u s  known. P o i n t s  c a l c u l a t e d  i n*f +
t h i s  way a r e  shown a s  “c a l c u l a t e d "  i n  t h e  f i n a l  f i g u r e ,  T ab le  17 *
and by i n t e r p o l a t i o n  i t  was f o u n d  t h a t  a t  m = 0 . 0 1 ,  a + = 0 . 0 0 0 8 9 7 5
IMP was now p l o t t e d  a g a i n s t  \ |  m ( g r a p h  1 2 )  and a smooth l i n e  
•\ m
drawn t h r o u g h  t h e  p o i n t s .  G-raphical i n t e g r a t i o n  a t  i n t e r v a l s
o f ^  4 m = 0 . 0 2  was now c a r r i e d  o u t  from  \i  m = 0 . 1 0  t o  \j m = 0 . 2 8 ,
and t h e  l o g  Y v a l u e s  d e r i v e d  a r e  shown in  t h e  T ab le  1 7 .
+
The mean i o n i c  a c t i v i t i e s  may now be d e r i v e d  f r o m  t h e
r e l a t i o n :  l o g  a = l o g  Y + l o g  m, and t h e  v a l u e s  d e r i v e d  are+ +
shown i n  t h e  l a s t  column o f  t h e  T able  1 7 .
The d i s s o c i a t i o n  e q u i l i b r i u m  i n  t h e s e  more c o n c e n t r a t e d
s o l u t i o n s  can now be  e x p l o r e d  i f  t h e  a s s u m p t i o n s  are  made t h a t
t h e  b e h a v i o u r  o f  t h e  s a l t  i s  s t i l l  g o v e r n e d  by a s i m p l e  i o n -
p a i r i n g  e q u i l i b r i u m  w i t h  K = 1 . 8 2  x 10  and t h a t  i t  i s  s t i l l
v a l i d  t o  g i v e  f ^ ,  th e  a c t i v i t y  c o e f f i c i e n t  o f  t h e  i o n - p a i r s ,  t h e
v a l u e  u n i t y ,  so t h a t  au = ( l - a ) m .  We t h e n  h a v e :  ( l - a ) m  = a u= a^/K
and a s  m i s  known, ( l —a )  and h e n c e  a can b e  d e t e r m i n e d ,  a n d ,
f i n a l l y ,  f + , t h e  mean i o n i c  a c t i v i t y  c o e f f i c i e n t  can be fo u n d
from t h e  r e l a t i o n  — l o g  f  = l o g  Y — l o g  a  • The v a l u e s
+  ■+■
o b t a i n e d  from  t h i s  t r e a t m e n t  a re  shown in  t h e  f o l l o w i n g  T a b le  1 6 , 
when t h e  i o n i c  s t r e n g t h  i s  g i v e n ,  o f  c o u r s e ,  b y :  I  = 9am .
TABLE 1 6
1 1 5 .
l o g  a u 1 —a a l o g  f + \ f l
0 . 1 0 3 * 6 48 0 0 . 4 4 3 0 . 5 5 7 1 . 2 0 7 1 0 . 2 2 4 0
0 . 1 2 3 . 8 1 9 6 0 . 4 5 8 0 . 5 4 2 1 . 1 4 7 4 0 . 2 6 5 1
0 . 1 4 3 . 9 5 6 4 0 , 4 6 l 0 . 5 3 9 1 . 0 8 4 4 0 . 3 0 8 3
0 . 1 6 2 . 0 6 8 4 0 . 4 5 7 0 . 5 4 3 1 . 0 2 1 2 0 . 3 5 3 7
0 . 1 8 2 . 1 6 1 6 0 . 4 4 8 0 . 5 5 2 2 . 9 5 8 3 0 . 4 0 1 3
0 . 2 0 2 . 2 4 0 2 0 . 4 3 5 0 . 5 6 5 2 . 8 9 6 1 0 . 4 5 0 9
0 . 2 2 30 8 0 , 0 . 4 2 0 0 . 5 8 0 2 . 8 3 5 8 0 . 5 0 2 5
0 . 2 4 2 . 3 6 8 0 0 . 4 0 5 0 . 5 9 5 2 . 7 7 9 1 0 . 5 5 5 4
0 . 2 6 2 . 4 2 6 0 0 . 3 9 5 0 . 6 0 5 2 . 7 3 1 2 0 . 6 0 6 7
0 . 2 8 2 . 4 8  64 0 . 3 9 1 0 . 6 0 9 2 . 6 9 4 2 0 . 6 5 5 4
1 1 6 .
I t  w i l l  130 s e e n  t h a t  t h e  v a l u e s  o f  a "based on 
e x p e r i m e n t a l  a c t i v i t y  m e a s u r e m e n t s  p a s s  t h r o u g h  a minimum v a l u e  
and t h e n  i n c r e a s e ,  and t h i s  i s  t h e  most d i r e c t  e v i d e n c e  y e t  
o b t a i n e d  f o r  t h e  t h e o r y  o f  a minimum d i s s o c i a t i o n  i n  m u l t i v a l e n t  
e l e c t r o l y t e s .  T here  i s  n o t  c o m p l e t e  a g r e e m e n t ,  h o w e v e r ,  b e tw e en  
t h e s e  r e s u l t s  and t h e  e a r l i e r  p r e d i c t i o n s .  The minimum p o i n t  
a s  c a l c u l a t e d  by  t h e  D a v i e s  e q u a t i o n  came j u s t  b e lo w  0 ,0 0 4 M ,  
a t  an a v a l u e  o f  0 . 4 9 *  The minimum a c c o r d i n g  t o  t h e  o s m o m e t r i c  
m e a s u r e m e n t s  comes  a t  M = 0 . 0 1 ?  a t  an a v a l u e  o f  0 . 5 4 .  The 
d i s c r e p a n c y  i s  n o t  a s  s e r i o u s  a s  m igh t  a p p e a r ,  f o r  th e  a c u r v e  
in  any  c a s e  i s  v e r y  f l a t  b e t w e e n  0 .003M and 0 .02M . I t  must  
p r o b a b l y  be  c o n c l u d e d  from  t h i s  t h a t  t h e  D a v i e s  e q u a t i o n  f a i l s ,  
f o r  i o n s  o f  v e r y  h i g h  v a l e n c y ,  a t  r a t h e r  l o w e r  i o n i c  s t r e n g t h s  
th a n  had b e e n  a s su m e d .  I t  must be rem em b ered ,  h o w e v e r ,  t h a t  
th e  w h o le  t r e a t m e n t  i n v o l v e s  o t h e r  a s s u m p t i o n s ,  such  a s  t h e  
n e g l e c t  o f  t h e  term  f  , w h ic h  c o u l d  a c c o u n t  e q u a l l y  w e l l  f o r  a 
l a c k  o f  c o m p l e t e  q u a n t i t a t i v e  a g r e e m e n t  w i t h  p r e d i c t e d  b e h a v i o u r .
The v a l u e s  o f  l o g  f  o b t a i n e d  i n  T a b le  16 a r e  p l o t t e d
+
a g a i n s t  \) I  i n  P i g .  13-&* w h ic h  a l s o  shows t h e  v a l u e s  c a l c u l a t e d  a t  
c o n c e n t r a t i o n s  b e l o w  0.01M by c o m b in in g  t h e  D a v i e s  a c t i v i t y  
e q u a t i o n  w i t h  t h e  d i s s o c i a t i o n  c o n s t a n t  K = 1 . 8 2  x 10 The
v a l u e  marked w i t h  an a s t e r i s k  r e p r e s e n t s  t h e  v a l u e  a c c e p t e d  a t
^ .
M = 0 . 0 1  a s  a b a s i s  o f  c a l c u l a t i o n  f o r  t h e  osm om eter  r e s u l t s .
a g a i n  a s l i g h t  i n c o m p a t i b i l i t y  can be d e t e c t e d  b e t w e e n  t h e  
two s e r i e s ,  and i t  seems l i k e l y  t h a t  t h e  assu m ed  s t a n d a r d  v a l u e  
t h a t  was a d o p t e d  was  s l i g h t l y  l o w ,  i n  w h ic h  c a s e  a l l  t h e  v a l u e s  
o f  l o g  a r e p o r t e d  i n  T ab le  17  w ould  r e q u i r e  a c o n s t a n t  s m a l l  
p o s i t i v e  c o r r e c t i o n ,  and t h e  t r u e  v a l u e s  o f  l o g  f  s h o u l d  l i e  
c l o s e r  t o  t h e  b r o k e n  c u r v e  s k e t c h e d  i n  F i g .  1 3 4 .  There  i s  
n o t h i n g  t o  be g a i n e d  by  p u r s u i n g  t h e  m a t t e r  f u r t h e r  a t  t h e  
p r e s e n t  t i m e ,  b u t  t h e  c u r v e  i s  i n t e r e s t i n g  a s  b e i n g  t h e  f i r s t  
d e t e r m i n a t i o n  o f  mean i o n i c  a c t i v i t y  c o e f f i c i e n t s  f o r  a t e r -  
t e r v a l e n t  s a l t ,  and a s  a f u r t h e r  i n s t a n c e  o f  t h e  v e r y  g r e a t  
i o n i c  a t m o s p h e r e  e f f e c t s  i n  e l e c t r o l y t e s  composed o f  i o n s  o f  
s u c h  h i g h  v a l e n c y  i t  i s  s t r i k i n g  t o  f i n d  t h a t  f  can f a l l  from  
u n i t y  a t  i n f i n i t e  d i l u t i o n  t o  a v a l u e  a s  low  a s  0 . 0 5  a t  an 
i o n i c  c o n c e n t r a t i o n  o f  0 .05M . T h i s  p r o v i d e s  a commentary on 
t h e  e r r o r s  t h a t  a r e  i n v o l v e d  i n  t h e  p r o c e d u r e s  w h ic h  a r e  s t i l l  
s o m e t im e s  a p p l i e d  t o  m u l t i v a l e n t  e l e c t r o l y t e s  w h ic h  n e g l e c t  
c h a n g e s  i n  a c t i v i t y  c o e f f i c i e n t .
TABLE 17
j m IdSL i-q> A ©
m
2 j  I n y £ l o g  Y l o g  r l o g  a “7*
0 . 1 0 3 . 2 2 0 . 3 2 2 - - — 2 . 9 5 3 0 4 . 9 5 3 0
0 . 1 2 2 . 9 9 0 . 3 5 9 0 . 0 3 7 0 . 1 2 7 9 0 . 1 6 4 9 0 . 0 7 1 5 8 2 . 8 8 1 4 5 . 0 3 9 8
0 . 1 4 2 . 7 9 0 . 3 9 0 5 0 . 0 6 8 5
0r---cfCM•0 0 . 3 1 5 5 0 . 1 3 7 0 2 . 8 1 6 0 3 . 1 0 8 2
0 . 1 6 2 . 6 2 6 o £ o 0 . 0 9 8 0 . 3 5 5 7 0 . 4 5 3 7 0 . 1 9 7 0 2 . 7 5 6 0 3 . 1 6 4 2
0 . 1 8 2 . 4 8 0 . 4 4 6 5 0 . 1 2 4 5 0 . 4 5 7 8 0 . 5 8 2 3 0 . 2 5 2 8 2 . 7 0 0 2 3 . 2 1 0 8
0 . 2 0 2 . 3 5 0 . 4 7 0 0 . 1 4 8 0 . 5 5 4 2 0 , 7 0 2 2 0 . 3 0 4 9 2 . 6 4 8 1 3 . 2 5 0 1
0 .2 2 2 . 2 3 0 . 4 9 1 0 . 1 6 9 0 . 6 4 5 8 0 . 8 1 4 8 0 . 3 5 3 8 2 . 5 9 9 2 3 . 2 8 4 0
0 . 2 4 2 , 1 2 0 . 5 0 9 0 . 1 8 7 0 . 7 3 2 9 0 . 9 1 9 9 0 . 3 9 9 4 2 . 5 5 3 6 3 . 3 1 4 0
0 . 2 6 2 . 0 0 0 . 5 2 0 0 . 1 9 8 0 . 8 1 5 4 1 . 0 1 3 4 0 . 4 4 0 0 2 . 5 1 3 6 3 . 3 4 3 0
0 . 2 8 1 . 8 6 0 . 5 2 1 0 . 1 9 9 0 . 8 9 3 0 1 . 0 9 2 0 0 . 4 7 4 2 2 . 4 7 8 8 3 . 3 7 3 2
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FIG.  13 A. V A L U E S  O F LOG f i  F O R  La R (C N )6 
AT 2 5  C ° "  ■
Q - C a l c u l a t e d  v a lu e s  f r o m  log.-f+ = 4*5
Z ^ ' O b t a i n e d  f r o m  e x p e r i m e n t a l  c l ± v a lu e s  
( b o se d  on a s s u m e d  va lue  a t . % )
( IV) CONDUCTIMETRY , !|
The measurement o f  the  e l e c t r i c a l  r e s i s t a n c e  o f  a 1
s o l u t i o n  can he c a r r i e d  out  w i t h  v e r y  h ig h  a c c u r a c y ,  and j [
c o n d u c t i v i t y  measurements  t h e r e f o r e  have t h e  r e p u t a t i o n  o f  ' J j
b e i n g  among th e  most p r e c i s e  measurements  t h a t  can be made y
iHn
on an aqueous  s o l u t i o n .  To o b t a in  t h i s  h ig h  a c c u r a c y ,  how ever ,
th e  p u r i t y  and th e  e x a c t  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  must be ! ;
syy
c o n t r o l l e d  w i t h  g r e a t  c a r e ;  t h e s e  a r e  th e  f a c t o r s  t h a t  l i m i t  
the  a c c u r a c y  o f  t h e  r e s u l t s  a t t a i n e d ,  and in  p r a c t i c e  a lm ost  
a l l  a c c e p t a b l e  r e s u l t s  have been o b t a i n e d  by d i s s o l v i n g  a 
h i g h l y  p u r i f i e d ,  c r y s t a l l i n e  s o l u t e  i n  c o n d u c t i v i t y  w a t e r .  ; 1
T h is  was done f o r  the  two most d i l u t e  s o l u t i o n s  s t u d i e d ,  which y
f i t  s a t i s f a c t o r i l y  on D a v i e s  and James*s c u r v e .  I t  was  
i m p o s s i b l e ,  h o w ever ,  f o r  th e  more c o n c e n t r a t e d  s o l u t i o n s  s t u d i e d , 1 [ 
ea ch  o f  w hich  had to  be p rep ared  by an i n d i r e c t  method i n v o l v i n g  
f i l t r a t i o n s ,  s e v e r a l  t r a n s f e r e n c e s ,  and ex p o sur e  t o  a tm o sp h e re .
The l a s t - n a m e d  was n o t  im p o r ta n t  a s  a sour ce  o f  e r r o r ,  as  the  :
i; i'!
c o n d u c t i v i t i e s  measured were h ig h  enough f o r  t h e  s o l v e n t  j
c o r r e c t i o n  t o  be i n s i g n i f i c a n t .  N e v e r t h e l e s s ,  when r e g a r d  i s  yj
had t o  th e  i n d i r e c t  methods o f  p r e p a r a t i o n ,  i t  i s  not  
s u r p r i s i n g  t h a t  a c o n s i d e r a b l e  s c a t t e r  was shown i n  the  r e s u l t s .  
Some o f  th e  e a r l i e r  runs  were c l e a r l y  u n r e l i a b l e ,  and t h e  h ig h  i 1
1 2 2 .
v a l u e s  o b t a i n e d  were shown to  he u n r e l i a b l e  by t h e  low pH 
v a l u e s  s u b s e q u e n t l y  f o u n d ,  and by t h e  d e p a r t u r e  from u n i t y  o f  the  
r a t i o s  o f  lanthanum to  f e r r i c y a n i d e  c o n c e n t r a t i o n ,  found when 
th e  s o l u t i o n s  were a n a ly s e d *  The e r r o r s  in  t h e s e  runs  were  
due to  in c o m p l e t e  n e u t r a l i s a t i o n  o f  th e  f e r r i c y a n i c  a c i d  u sed  
i n , th e  p r e p a r a t i o n .
When th e  d i r e c t  n e u t r a l i s a t i o n  p r o c e d u r e s  were abandoned,  
much more c o n s i s t e n t  r e s u l t s  were o b t a i n e d .  Some c o n t a m in a t io n  
by i m p u r i t y  i o n s  was a lm o s t  i n e v i t a b l e ,  how ever ,  and i t  i s  
r e a s o n a b l e  to  p l a c e  most  r e l i a n c e  on th e  l a t e r  r u n s ,  o b t a i n e d  
when e x p e r i e n c e  had been g a i n e d ,  which  a l s o  showed th e  l o w e s t  
c o n d u c t i v i t i e s ,  and s a t i s f a c t o r y  La/Pe(CN)^ r a t i o s  on a n a l y s i s *
These are  p l o t t e d  i n  F i g .  8 , an(  ^ show c l e a r l y  t h a t  
the c o n d u c t i v i t y  minimum w hich  D a v ie s  and James had p r e d i c t e d  
does  o c c u r  a t  a c o n c e n t r a t i o n  beyond th e  l i m i t  o f  t h e i r  m easure­
m ents .  T h is  i s  th e  f i r s t  t im e t h a t  such  an o b s e r v a t i o n  has  been  
made in  an aqueous  s a l t  s o l u t i o n  ( i f  the  s p e c i a l  c a s e  o f  c o l l o i d a l  
e l e c t r o l y t e s  i s  e x c l u d e d ) ,  and p r o v i d e s  v e r y  s t r o n g  e v i d e n c e  f o r  
the p r e d i c t e d  minimum in  th e  d eg r e e  o f  d i s s o c i a t i o n .  A q u a n t i t a ­
t i v e  t r e a t m e n t  o f  th e  e q u i v a l e n t  c o n d u c t a n c e s  w i l l  c l e a r l y  have  
to  w a i t  u n t i l  a t h e o r e t i c a l  t r e a t m e n t  o f  m o d e r a te ly  c o n c e n t r a t e d  
s o l u t i o n s  has  been  d e v e l o p e d .
CONCLUSION:
The s o l u b i l i t y  r e l a t i o n s h i p s  shown b y  L a F e (C N )g  i n
w a te r  are  w i t h o u t  a p a r a l l e l  in  aqueous  s a l t  s o l u t i o n s  and
\
appear t o  add a new c h a p t e r  to  the p h y s i c a l  c h e m i s t r y  o f  
e l e c t r o l y t e  s o l u t i o n s .  I t  seems r e a s o n a b l e  t o  s u g g e s t  t h a t  
t h e y  are  c o n n e c t e d  w i t h  th e  h ig h  v a l e n c y  p ro d u ct  o f  t h e  s a l t ,  
i n  w hich  c o n c e n t r a t i o n  c h a n g e s  can be accompanied by v e r y  l a r g e  
ch a n g es  i n  i o n i c  s t r e n g t h ;  such s o l u t i o n s  have not  been  
e x t e n s i v e l y  s t u d i e d  i n  th e  p a s t ,  and t h i s  co u ld  a c c o u n t  f o r  th e  
n o v e l t y  o f  t h e  phenomena now uncovered*
The e x p l a n a t i o n  can perh ap s  be fo u n d  a lo n g  t h e  
f o l l o w i n g  l i n e s .  I n d e e d ,  i t  was the  r e a l i s a t i o n  o f  t h i s  
p o s s i b i l i t y  which  prompted the e x p e r i m e n t a l  work.
In  s u f f i c i e n t l y  d i l u t e  s o l u t i o n ,  lanthanum f e r r i c y a n i d e  
o b ey s  an i o n - p a i r i n g  e q u i l i b r i u m  c h a r a c t e r i s e d  by t h e  e q u a t i o n s :
1 - a
where l o g  f  = I  . . . . . .  ( 2 )+
and I  -  9am    ( 3 )
At somewhat h i g h e r  c o n c e n t r a t i o n s ,  D a v ie s  and James used  
l o g  f  = - 4 . 5 ]  t S —- _  0 . 2 1  l  .............. ( 4 )
in  p l a c e ^ o f  e q u a t i o n  ( 2 ) ,  and showed t h a t  t h i s  would l e a d  to
maximum v a l u e  i n  t h e  d e g r e e  o f  i o n - p a i r i n g ,  a f t e r  w h ic h  a w ould
i n c r e a s e ,  A marked f l a t t e n i n g  o f  t h e  e q u i v a l e n t  c o n d u c t a n c e
c u r v e  i n  t h e  p r e d i c t e d  r e g i o n  s u p p o r t e d  t h e  c o r r e c t n e s s  o f  t h i s
t r e a t m e n t ,  and t h e  c o n d u c t a n c e  minimum now d i s c o v e r e d  a t  a
h i g h e r  c o n c e n t r a t i o n  p r o v i d e s  s t r o n g  e v i d e n c e  f o r  t h e  h y p o t h e s i s
o f  a minimum i n  a  . The e x p l a n a t i o n  o f  t h i s  minimum i s  t h a t
when e q u a t i o n (4) i s  u s e d  t o  e v a l u a t e  t h e  mean i o n - a c t i v i t y
c o e f f i c i e n t  a c o n c e n t r a t i o n  r a n g e  c o u l d  be  r e a c h e d  i n  w h ic h  t h e
v a l u e  o f  ( f  m) i n  e q u a t i o n  ( l )  b e g i n s  t o  d e c r e a s e  w i t h  r i s i n g  
*“ 2
c o n c e n t r a t i o n ,  so  t h a t  a /(l-a), and c o n s e q u e n t l y  a, must i n c r e a s e  
i f  t h e  r i g h t  hand s i d e  o f  t h e  e q u a t i o n  i s  t o  r em a in  c o n s t a n t .
In m o l e c u l a r  t e r m s ,  we a r e  d e a l i n g  w i t h  an e q u i l i b r i u m  b e t w e e n  
i o n - p a i r s ,  w h ic h  h a v e  b e e n  assu m ed  to  be  i n s e n s i t i v e  t o  c h a n g e s  
i n  t h e  i o n i c  s t r e n g t h  o f  t h e  s u r r o u n d i n g  s o l u t i o n ,  and i n d i v i d u a l  
i o n s  whose  a c t i v i t i e s  f a l l  o f f  r a p i d l y  a s  i o n i c  a t m o s p h e r e  e f f e c t s  
i n c r e a s e *  A p o i n t  i s  r e a c h e d  when t h e  mean a c t i v i t y  o f  t h e  i o n s  
grows t o o  s l o w l y  t o  m a i n t a i n  t h e  e q u i l i b r i u m  w i t h o u t  an i n c r e a s e  
i n  t h e i r  r e l a t i v e  number compared w i t h  t h e  i o n - p a i r  p o p u l a t i o n .
Now a t  s t i l l  h i g h e r  c o n c e n t r a t i o n s  e q u a t i o n  ( l )  p r e s e n t s  
a f u r t h e r  p o s s i b i l i t y .  I f  t h e  e q u a t i o n  i s  w r i t t e n  a s :  
f 2 a 2m2
~ --------  = K  ( I 5)
( l —a)m.
i t  w i l l  be s e e n  t h a t  t h e  i n c r e a s e  i n  t h e  i o n i c  a t m o s p h e r e  c o u l d
2 2 2be su ch  t h a t  t h e  v a l u e  o f  ( f +a m ) w o u ld  b e g i n  t o  d e c r e a s e  w i t h  
f u r t h e r  r i s e  i n  c o n c e n t r a t i o n .  I f  t h i s  o c c u r e d ,  t h e  m a i n t e n a n c e  
o f  a c o n s t a n t  v a l u e  o f  K w o u ld  r e q u i r e  t h a t  ( l - a ) m ,  w h ic h  
r e p r e s e n t s  t h e  a c t i v i t y  o f  t h e  i o n - p a i r s ,  w o u ld  a l s o  p a s s  t h r o u g h  
a maximum and t h e n  b e g i n  t o  d e c r e a s e .  At e x t r e m e  v a l u e s ,  
h o w e v e r ,  where  a  and m h a v e  b o t h  a t t a i n e d  h i g h  v a l u e s  and t h e  
i o n i c  s t r e n g t h  i s  a l s o  v e r y  h i g h ,  i t  i s  u n l i k e l y  t h a t  t h e  
e q u a t i o n  s h o u l d  rem a in  v e r y  s e n s i t i v e  to  f u r t h e r  i n c r e a s e s  i n  
i o n i c - s t r e n g t h ,  and t h e  maximum i n  t h e  a c t i v i t y  o f  t h e  i o n * - p a i r s  
w o u ld  e v e n t u a l l y  be  s u c c e e d e d  by a minimum*
T h e se  t h e o r e t i c a l  p o s s i b i l i t i e s  c o u l d  l e a d ,  t h e r e f o r e  
to  a c u r v e  f o r  t h e  a c t i v i t y  o f  i o n - p a i r s  ( a u ) such  a s  t h a t  shown 
i n  F i g .  14  .  B e f o r e  g o i n g  i n t o  t h e  c o n s e q u e n c e s  o f  su ch  a 
c u r v e ,  i t  w i l l  be  b e s t  t o  exam ine  t h e  a s s u m p t i o n s  made i n  t h e  
t r e a t m e n t ,  t h e s e  a r e :  ( l )  That  e q u a t i o n  ( l )  h o l d s  good  o v e r  t h e  
w h o le  c o n c e n t r a t i o n  r a n g e ,  t h a t  i s ,  t h e  c o m p le x  i o n s  do n o t  a r i s e .  
T h i s  may n o t  be  e n t i r e l y  t r u e ,  b u t  t h e  s a l t  i s  n o t  one i n  w h i c h  
s u b s t a n t i a l  a m ou n ts  o f  a w e l l - m a r k e d  c o m p le x  w ould  be e x p e c t e d ;  nor 
are the c o n d i t io n s  of  t h o s e  i n  w h ic h  t r i p l e —i o n  f o r m a t i o n  w ould  be  
e x p e c t e d  t o  be e x t e n s i v e > a s  t h e  c o n c e n t r a t i o n  o f  i o n - p a i r s  i s  
c o m p a r a t i v e l y  l o w ;  a s m a l l  f r a c t i o n  o f  t r i p l e  i o n s  w o u ld  n o t  
a f f e c t  t h e  main argument* ( 2 )  That f ^ ,  t h e  a c t i v i t y  c o e f f i c i e n t  
o f  t h e  i o n - p a i r  i s  e q u a l  t o  u n i t y .  Q u a n t i t a t i v e l y ,  t h i s  i s
1 2 6 .
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p r o b a b l y  i n c o r r e c t ,  and i n  a c o m p l e t e  t h e o r y  o f  e l e c t r o l y t e s  i t  i!
i s  p r o b a b l e  t h a t  an a l l o w a n c e  w i l l  u l t i m a t e l y  be  made f o r  i t s
i n f l u e n c e .  At t h e  m o d e r a t e l y  h i g h  c o n c e n t r a t i o n s  we now have  ji
t o  c o n s i d e r  t h e  e f f e c t  may be a p p r e c i a b l e ,  and t h i s  w i l l > f o r  
t h e  p r e s e n t ,  be an u n c e r t a i n  f a c t o r .  I t  i s  n o t  a c r i t i c a l  o n e ,  ; 
h o w e v e r ,  f o r  we can be c o n f i d e n t  t h a t  compared w i t h  t h e  i o n i c  j 
c o n s t i t u e n t s  t h e  u n d i s s o c i a t e d  p a r t  o f  t h e  e l e c t r o l y t e  w i l l  be  
r e l a t i v e l y  i n s e n s i t i v e  t o  c h a n g e s  o f  i o n i c  s t r e n g t h ,  ( 3 )  The 
r e m a i n i n g  u n c e r t a i n t y  i s  i n  t h e  e q u a t i o n  f o r  t h e  mean i o n i c  
a c t i v i t y  c o e f f i c i e n t .  The way t h a t  f  c h a n g e s  w i t h  c o n c e n t r a —
+  j :
t i o n  i s  c e r t a i n l y  t h e  g o v e r n i n g  f a c t o r .  E q u a t io n  ( 4 )  i s  known 
t o  h o l d  f o r  m ost  e l e c t r o l y t e s  up t o  an i o n i c  s t r e n g t h  o f  0 . 1 ,  £
j i
and t o  be i n c r e a s i n g l y  u n r e l i a b l e  a t  h i g h e r  v a l u e s .  The i o n i c  
s t r e n g t h  r e a c h e d  i n  t h e  m ost  c o n c e n t r a t e d  s o l u t i o n s  p r e p a r e d  i s  j 
much h i g h e r  th a n  0 . 1 ,  and i n  t h e  a b s e n c e  c f  any g e n e r a l  a c t i v i t y  I 
e q u a t i o n  f o r  such  s o l u t i o n s  t h e  t h e o r e t i c a l  p o s s i b i l i t y  
i l l u s t r a t e d  i n  P i g . 1 4  must  r e m a in  s p e c u l a t i v e .  N e v e r t h e l e s s ,  
v a l u a b l e  g u i d a n c e  a s  to  t h e  p l a u s i b i l i t y  o f  t h e  t h e o r y  can  be  
g i v e n  by s t u d y i n g  t h e  c o n s e q u e n c e s  o f  a s su m in g  t h a t  e q u a t i o n  ( 4 )  
i s  o b e y e d  a t  h i g h e r  i o n i c  s t r e n g t h s  th an  0 . 1 .
The m o la r  c o n c e n t r a t i o n s  o f  i o n - p a i r s  a s  c a l c u l a t e d  
from  e q u a t i o n s  ( l )  and ( 4 ) ,  u s i n g  t h e  a c c e p t e d  v a l u e  o f  K, are  
shown ^in  P i g ,  15  up t o  i o n i c - s t r e n g t h s  somewhat g r e a t e r  th a n  0 . 1 .
They a r e  compared i n  t h e  f i g u r e  w i t h  t h e  a c t i v i t y  f i g u r e s ,  a ^ ,  
d e t e r m i n e d  b y  means o f  t h e  o s m o m e te r .  The two c u r v e s  a r e  
a ssu m ed  t o  be  i d e n t i c a l  up t o  m = 0 . 0 1 ,  t h e  osmometer  c u r v e  b e i n g  ; 
f i x e d  by t h i s  p o i n t ,  w h ich  was  t a k e n  a s  t h e  s t a n d a r d  v a l u e #  . jp
I t  w i l l  be s e e n  t h a t  above  t h i s  v a l u e  t h e  two c u r v e s  b e g i n  t o  ^
d i v e r g e ?  t h e  c u r v e  b a s e d  on e q u a t i o n  ( 4 )  b e n d s  away f a r  t o o  Htjj
r a p i d l y ,  and e v e n t u a l l y  p r e d i c t s  a maximum i n  ( l - a ) m  o f  0 . 0 2 6 5  : ! ;
a t  a t o t a l  m o l a r i t y  o f  0 .08M .  The f a c t  t h a t  t h i s  t r e a t m e n t  d o e s  jj 
l e a d  t o  a maximum may be t h o u g h t  e n c o u r a g i n g ,  t h o u g h  t h e  t r u e  *|j:|i
maximum, i f  i t  d o e s  e x i s t ,  w i l l  c l e a r l y  a r r i v e  a t  a h i g h e r  t o t a l  ;M| 
m o l a r i t y ,  and w i l l  i n v o l v e  a much h i g h e r  c o n c e n t r a t i o n  o f  i o n -
J ' '
p a i r s .  A c o m p a r a t i v e l y  m inor  change  i n  t h e  l i n e a r  term  o f  
e q u a t i o n  ( 4 ) c o u l d  h a v e  t h i s  e f f e c t .
A maximum i n  t h e  a c t i v i t y  o f  i o n - p a i r s  r e m a i n s ,  
t h e r e f o r e ,  a t h e o r e t i c a l  p o s s i b i l i t y ,  and no m ore ,  and i t  w i l l  be  Jjj 
n e c e s s a r y  now t o  l o o k  f o r  any  e v i d e n c e  a f f o r d e d  by t h e  Jjj
e x p e r i m e n t a l  w o r k .  A t h e o r e t i c a l  i n t e r p r e t a t i o n  o f  c o n d u c t i v i -  j-■■jj 
t i e s  a t  m o d e r a t e  c o n c e n t r a t i o n s  i s  n o t  p o s s i b l e  a t  p r e s e n t ,  b u t  jjjj 
t h e  a c t i v i t i e s  d e t e r m i n e d  by t h e  o sm om eter  a re  i n t e r e s t i n g .  The . j
'oji
r e s u l t s  w ere  g i v e n  i n  F i g ,  13 and t h i s  shows t h a t  th e  a c t i v i t y  j,
c u r v e  h a s  f l a t t e n e d  c o n s i d e r a b l y  a t  a m o l a r i t y  o f  0.08M and | :|
s u g g e s t s  t h a t  i f  no new phenomenon i n t e r v e n e s ,  t h e  c u r v a t u r e  | i|
8 !■!
w i l l  . l e a d  t o  a f l a t  maximum a t  a v a l u e  a u = 0 . 0 2 6 5  a p p r o x i m a t e l y , . j  j
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and a t o t a l  m o l a r i t y  i n  t h e  r e g i o n  o f  0 .08M .
From t h e  c a l c u l a t i o n s  g i v e n  i n  T a b le  17 , i t  f u r t h e r
a p p e a r s  t h a t  a  w o u ld  have  a v a l u e  i n  t h e  n e i g h b o u r h o o d  o f  
0 . 6 6 5  a t  such a maximum, and t h e  i o n i c  s t r e n g t h  I  = 9am w ould  
be a b o u t  0 . 4 7 2 .
L et  u s  s u p p o s e ,  t h e n  t h a t  th e  a .^ v a l u e s  a r e  g o v e r n e d  by  
s u c h  a c u r v e  a s  i s  p i c t u r e d  i n  F i g .  1 6 .  S_ r e p r e s e n t s  t h e  
"normal" s o l u b i l i t y  o f  t h e  s a l t  i n  w a t e r  a t  w h ic h  t h e  c h e m i c a l  
p o t e n t i a l s  o f  LaFe(CN)^ i n  t h e  s o l i d  s a l t  and i n  t h e  s a t u r a t e d  
s o l u t i o n  a r e  e q u a l  and by a s h o r t  e x t r a p o l a t i o n  o f  t h e  
o s m o m e t r i c  c u r v e  t h e  v a l u e  o f  a u i n  t h e  s a t u r a t e d  s o l u t i o n  
( p o i n t  a_ o f  F i g .  1 6 )  i s  g i v e n  a s
The d i s s o l u t i o n  o f  more s a l t  ( i n c r e a s e  o f  m) w o u ld  
now l e a d  t o  s o l u t i o n s  i n  w h ic h  t h e  c h e m i c a l  p o t e n t i a l  o f  s o l u t e  
w o u ld  be  g r e a t e r  t h a n  t h a t  o f  t h e  s o l i d .  Such e q u i l i b r i a  a r e  
i m p o s s i b l e ,  and a c t i v i t i e s  c o r r e  s p o n d i n g  t o  t h e  r e g i o n  a_ t h r o u g h  
b t o  c w o u ld  c l e a r l y  i m p l y  s u p e r s a t u r a t e d  and u n s t a b l e  s o l u t i o n s .  
At s t i l l  h i g h e r  c o n c e n t r a t i o n ,  h o w e v e r ,  a s t a b l e  s o l u t i o n  i s  
a g a i n  p o s s i b l e ,  and a s e c o n d ,  and f i n a l ,  s o l u b i l i t y  v a l u e  o c c u r s  
a t  t h e  p o i n t  dj b ey o n d  t h i s ,  r e g i o n  de  ^ t h e  s o l u t i o n  w ould  
o b v i o u s l y  be  s u p e r s a t u r a t e d  and w o u ld  d e p o s i t  s o l i d  when i n  
c o n t a c t  w i t h  c r y s t a l l i n e  LaFe(CN)^ .
By a n a l o g y  w i t h  t h e  p a r t i a l  v a p o u r  p r e s s u r e  c u r v e s  
o f  p a r t i a l l y  m i s c i b l e  l i q u i d  s y s t e m s ,  one m ig h t  t h i n k  t h a t  
s o l u t i o n s  b e t w e e n  t h e  m o la r  c o n c e n t r a t i o n s  and <1 w o u ld  t e n d
t o  s e p a r a t e  i n t o  two l i q u i d  l a y e r s  o f  t h e s e  c o m p o s i t i o n s .  T h i s
i s  n o t  o b s e r v e d ,  and a c o n s i d e r a t i o n  o f  t h e  p h a s e  r u l e  i s  
r e l e v a n t  h e r e .  I f  two s e p a r a t e  l i q u i d  p h a s e s  w ere  f o r m e d ,  b o t h  
i n  e q u i l i b r i u m  w i t h  e a c h  o t h e r  and w i t h  a c r y s t a l l i n e  p h a s e  and  
a v a p o u r  p h a se  t h e  s y s t e m  o f  two co m p o n en ts  w ou ld  be i n v a r i a n t .  
Such s y s t e m s  o f  c o u r s e  a r e  known, b e n z o i c  a c i d  and w a t e r  f o r m i n g
a w e l l  known e x a m p l e .  The f o u r  p h a s e s  t h e n  c o - e x i s t  a t  a s i n g l e
t e m p e r a t u r e ,  a b o v e  w h ic h  t h e  s o l i d  d i s a p p e a r s  and b e l o w v © h i c h  a 
s i n g l e  l i q u i d  p h a s e  e x i s t s .  N e i t h e r  t h e  e x p e r i m e n t a l  f a c t s ,  
n o r  t h e  t h e o r e t i c a l  d e r i v a t i o n  o f  F i g .  1 6 ,  g i v e  any s u p p o r t  
t o  t h e  i d e a  t h a t  t h e  p r e s e n t  s y s t e m  i s  o f  t h i s  k i n d ,  and t h e  
p o s s i b i l i t y  must  be r e j e c t e d .
The a n a l o g y  b e t w e e n  p a r t i a l l y  m i s c i b l e  l i q u i d s  and t h e  
p r e s e n t  s y s t e m  a p p e a r s  i n  any c a s e  t o  be a somewhat a r t i f i c i a l  
o n e .  The two l i q u i d  l a y e r s  i n  t h e  f o r m e r  a r e  o f  w i d e l y  
d i f f e r i n g  c o m p o s i t i o n ,  and t h e r e  i s  a l a r g e  i n t e r f a c i a l  e n e r g y  
t erm  w h ic h  a c t s  t o  c a u s e  t h e  two to  c o a l e s c e  i n t o  s e p a r a t e  
p h a s e s .  In  t h e  c a s e  o f  t h e  LaFe(CN)^ s o l u t i o n  t h e  two e x t r e m e  
p o s s i b i l i t i e s  a^  and <1 b o t h  c o n t a i n  a m o la r  f r a c t i o n  o f  w a t e r  o f  
more th a n  0 . 9 8 ;  t h e y  c o n t a i n  t h e  same a c t i v i t y  o f  i o n - p a i r s ,  and
132
d i f f e r  o n l y  i n  i o n i c  c o n c e n t r a t i o n s  o f ,  p e r h a p s  0.04-M and 0.4-M; 
n e i t h e r  s u r f a c e  e n e r g y  nor  d e n s i t y  d i f f e r e n c e s  b e t w e e n  t h e s e  two  
c o n c e n t r a t i o n s  w o u ld  be l a r g e  e n ou gh  to  c a u s e  c c a l e s e n c e  i n t o  
two s e p a r a t e  p h a s e s ,  a n y  such t e n d e n c y  would  be e a s i l y  overcom e  
by t h e  k i n e t i c  e n e r g y  o f  t h e  p a r t i c l e s  i n v o l v e d .
An a l t e r n a t i v e  v i e w  o f  t h e  s o l u t i o n ,  w h ic h  w ould  seem
to  be more i n  a c c o r d a n c e  w i t h  t h e  f a c t s ,  w o u ld  be t o  r e g a r d  t h e
s o l u t i o n  a s  a s i n g l e  p h a s e  i n  w h ic h  f l u c t u a t i o n s  o f  s t r u c t u r e
5 5and c o n c e n t r a t i o n  can o c c u r .  S a m o i lo v  q u o t e s  e v i d e n c e  
from  R u s s i a n  a u t h o r s  ( S c h a c h p a r o n o w ,  K l o t s c h k c )  t h a t  f l u c t u a t i o n s  
o f  c o n c e n t r a t i o n  can  o c c u r  i n  c o n c e n t r a t e d  a q u eo u s  s o l u t i o n s  o f  
s i m p l e  s a l t s ,  w h i c h  he r e g a r d s  a s  t r a n s f o r m a t i o n s  o f  t h e  s e c o n d  
k i n d .  In  t h e  p r e s e n t  i n s t a n c e ,  i t  i s  p o s s i b l e  t h a t  t h e  l o w e r  
s o l u b i l i t y  l i m i t  o f  LaFe(CN)^ r e p r e s e n t s  t h e  maximum amount o f  
s a l t  t h a t  can be accom modated i n  w a t e r  w i t h o u t  a r a d i c a l  c h a n g e  
i n  t h e  w a t e r  s t r u c t u r e ;  b u t  t h a t  a h i g h e r  c o n c e n t r a t i o n  o f  
s a l t  can be t a k e n  up w i t h  a change  i n  t h e  w a t e r  s t r u c t u r e ,  
and t h a t  i n  s o l u t i o n s  b e tw e e n  a_ and d f l u c t u a t i o n s  o c c u r  b e t w e e n  
r e g i o n s  o f  t h e s e  two t y p e s .  T h i s  d e s c r i p t i o n ,  h o w e v e r ,  p r o b a b l y  
e x a g g e r a t e s  t h e  r o l e  o f  w a t e r - s t r u c t u r e , s i n c e  t h e r e  i s  no r e a s o n  
t o  d o u b t  t h e  t h e o r e t i c a l  e v i d e n c e  t h a t  t h e  p r im a r y  c a u s e  o f  t h e  
u n u s u a l  f e a t u r e s  i s  t h e  h i g h  i o n i c  s t r e n g t h .  P e r h a p s  t h e
r-1
p r e s e r v a t i o n  o f  the  w ater  s t r u c t u r e  may be the  dominant  
i n f l u e n c e  i n  t h e  * d i l u t e *  r a n g e ,  w h i l s t  i o n i c  i n t e r a c t i o n ,  by 
m a i n t a i n i n g  a q u a s i - c r y s t a l l i n e  arrangem ent  o f  i o n s ,  i s  th e  
r u l i n g  f a c t o r  in  t h e  c o n c e n t r a t e d  s o l u t i o n s .
T h is  v iew  o f  t h e  s o l u t i o n  would r e c o n c i l e  th e  
i n c r e a s i n g  c o n d u c t i v i t y  and th e  c o n s t a n t  a c t i v i t y .  In f u t u r e  
work t h e  l a t t e r  should  be c o n f ir m e d  by i s o p i e s t i c  measurements*
The apparent  s o l u b i l i t y  l i m i t  a t  i s  a l s o  r e a d i l y  
u n d ers to o d *  I f  c r y s t a l s  are  put in  c o n t a c t  w i t h  water  t h e y  
w i l l  r a p i d l y  d i s s o l v e  a t  f i r s t ;  be tw een  c r y s t a l  and s o l u t i o n  
a t r a n s i t i o n a l  s t a t e  i s  p i c t u r e d  in  which i o n - p a i r s  (o r  p a i r s  o f  
i o n s )  r u p tu r e  t h e i r  a t ta c h m e n t  to  t h e  c r y s t a l  l a t t i c e  and 
become f u l l y  " h y d r a te d 1*. Up to t h e  p o i n t  a_ t h e s e  t r a n s i t i o n a l  
i o n - p a i r s  w i l l  p a s s  i n t o  t h e  s o l u t i o n  o f  low er  ch em ica l  
p o t e n t i a l  more r a p i d l y  than t h e y  are  d e p o s i t e d ;  but once the  
s a l t  in  s o l u t i o n  has  r e a c h e d  a c h e m ic a l  p o t e n t i a l  e q u a l  to  t h a t  
o f  th e  c r y s t a l  t h i s  t e n d e n c y  w i l l  d i s a p p e a r ,  and th e  s o l u t i o n ,  
w h a t e v e r  i t s  c o n c e n t r a t i o n ,  w i l l  now be in  e q u i l i b r i u m  w i th  the  
c r y s t a l l i n e  s a l t .  The n e g a t i v e  tem p eratu re  c o e f f i c i e n t  o f  
s o l u b i l i t y  may be c o n n e c t e d  w i t h  th e  t e n d e n c y  o f  t h e  w a ter  
s t r u c t u r e  c h a r a c t e r i s t i c  o f  d i l u t e  s o l u t i o n s  to  be g r a d u a l l y  
broken  up a s  th e  t e m p e r a t u r e  i s  i n c r e a s e d .
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